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SUMMARY 


The  construction  of  Richmond  Harbor  and  Santa  Fe  Channel  Project  was 
authorized  by  Congress  in  1930.  As  part  of  its  responsibility  for  maintaining 
navigable  waterways,  the  U.S.  Army  Engineer  District,  San  Francisco,  plans  to 
deepen  Richmond  Harbor  and  Santa  Fe  Channels  located  on  the  northeastern  edge 
of  San  Francisco  Bay  in  Richmond,  CA.  Both  channels  would  be  deepened  to  - 
38  ft  mean  lower  low  water  (MLLW)  from  the  presently  authorized  depth  of  - 
35  ft  MLLW.  In  addition,  a  turning  basin  will  be  dredged  to  -38  ft  east  of 
Point  Potrero,  and  the  southwestern  junction  of  Santa  Fe  and  Richmond  Harbor 
Channels  will  be  widened  and  deepened  to  -38  ft  MLLW.  The  proposed  turning 
basin  and  widening  area  have  not  been  dredged  previously.  Dredging  will  pro¬ 
duce  approximately  1.5  million  cubic  yards  of  material  that  will  require 
disposal . 

The  U.S.  Army  Engineer  Watei-ways  Experiment  Station  (WES)  was  asked  to 
assist  in  the  evaluation  of  other  alternatives,  such  as  upland  disposal,  for 
these  sediments.  Francingues  et  al.  (1985)  and  Lee  et  al .  (1991)  described 
the  Corps'  Management  Strategy  for  Disposal  of  Dredged  Material,  in  which  a 
sediment  is  tested  and  evaluated  for  potential  disposal  site  environments, 
including  aquatic,  wetland,  and  upland.  The  upland  test  protocols  were  used 
in  the  present  evaluation  to  determine  the  potential  for  migration  of  contami¬ 
nants  into  effluent,  surface  runoff,  and  leachate  at  an  upland  disposal  site. 

The  purpose  of  this  report  is  to  describe  the  results  of  a  comprehensive 
evaluation  of  the  impact  of  placing  Santa  Fe  Channel  sediment  in  an  upland 
disposal  environment.  Contaminant  migration  via  effluent,  surface  runoff,  and 
leachate  was  evaluated.  The  upland  disposal  site  would  be  managed  such  that 
plants  and  animals  would  not  be  allowed  to  colonize  the  site.  Consequently, 
no  upland  plant  and  animal  bioassay  tests  were  conducted.  Contaminants  of 
concern  were  salt,  metals,  tributyltin,  pesticides  (particularly  DDT  and  its 
derivatives),  and  polycyclic  aromatic  hydrocarbons  (PAHs) .  Sediment  was  col¬ 
lected  from  Santa  Fe  Channel  from  core  depths  to  -38  ft  and  transported  to  the 
WES  for  testing. 

Santa  Fe  Channel  sediment  metal  concentrations  were  found  to  be  in  the 
range  of  those  found  in  normal  agricultural  soils  with  the  exception  of 
nickel.  Santa  Fe  Channel  sediment  contains  nickel  concentrations  at  the  maxi¬ 
mum  concentration  allowed  in  soils  for  agricultural  production. 
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Sediment  butyltin  concentrations  were  low,  at  15  ppb,  but  were  higher 
than  those  found  at  an  upland  reference  disposal  site  at  Twitchell  Island, 
Santa  Fe  channel  sediment  contained  some  PAHs  at  concentrations  higher  than 
Twitchell  Island  and  were  generally  elevated  in  PAHs  compared  to  other  refer¬ 
ence  sediments.  Santa  Fe  sediment  contained  185  ppb  DDT,  and  202  ppb  DDD, 
which  has  given  rise  to  concern. 

Test  results  were  interpreted  in  relation  to  existing  Federal  criteria 
and/or  State  standards,  or  existing  related  data  and  information  from  litera¬ 
ture  and  past  or  present  research  projects.  Because  the  disposal  site  is  not 
known,  test  results  of  water  quality  data  from  filtered  water  samples  were 
evaluated  in  relationship  to  Federal  Water  Quality  Criteria  and/or  State  Water 
Quality  Standards  for  effluents  and  receiving  waters.  Test  results  were  com¬ 
pared  to  the  EPA  Acute  Water  Quality  Criteria  for  the  Protection  of  Aquatic 
Life  (USEPA  1987) ,  and  the  Effluent  and  Receiving  Water  Limitations  for  Waste 
Discharge  issued  by  the  California  Regional  Water  Quality  Control  Board  in 
response  to  a  permit  application  by  the  Port  of  Oakland  for  the  disposal  of 
Oakland  Harbor  sediment  as  levee -building  material  at  Twitchell  Island  in  the 
Sacramento  River  Delta.  In  the  absence  of  State  Water  Quality  Standards  for 
an  undetermined  disposal  site,  the  Federal  Water  Quality  Criteria  were  assumed 
to  be  applicable  to  give  some  perspective  to  test  results.  Section  401 
requires  compliance  with  State  Water  Quality  Standards,  rather  than  Federal 
Water  Quality  Criteria.  Final  effluent  limitations  will  be  determined  by  the 
state  under  Section  401  of  the  Clean  Water  Act  based  on  the  local  water  qual¬ 
ity  objectives  applicable  to  the  area  where  the  sediment  is  placed.  These 
laboratory  tests  give  predictions  of  water  quality  for  specific  conditions  and 
should  be  considered  an  indication  of  the  potential  of  an  effluent,  surface 
runoff,  or  leachate  to  meet  or  exceed  applicable  water  quality  standards. 

The  evaluation  of  the  effluent  to  be  discharged  from  an  upland  confine¬ 
ment  indicated  that,  with  the  exception  of  copper  for  the  Santa  Fe  channel 
sediment,  the  effluent  will  meet  all  assumed  water  quality  criteria  and  stan¬ 
dards  prior  to  discharge.  The  concentrations  of  dissolved  copper  exceeding 
assumed  criteria  will  require  a  dilution  of  up  to  2  in  the  mixing  zone  to  meet 
the  criterion.  This  degree  of  mixing  can  generally  be  achieved  within  a  short 
distance  of  the  effluent  discharge. 

The  total  mass  release  of  contaminants  as  effluent  was  estimated  to  be 
generally  less  than  3  percent  of  the  total  contaminants  placed,  and  varied 
with  respect  to  the  assumed  concentration  of  total  suspended  solids  (TSS)  in 
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the  effluent.  The  placement  operation  should  be  managed  to  reduce  the  TSS 
concentration  in  the  effluent  to  the  largest  degree  practical.  This  can  be 
accomplished  by  ponding  effluent  water  within  the  confined  disposal  site  prior 
to  discharge.  The  resulting  sedimentation  of  suspended  solids  should  reduce 
the  total  mass  release  of  contaminants. 

Neomvsls  exposed  to  modified  elutriate  made  from  the  Santa  Fe  channel 
sediment  demonstrated  no  toxicity.  Upland  disposal  effluent  resulting  from 
the  Santa  Fe  Channel  sediment  therefore  appears  to  have  very  little  potential 
for  adversely  affecting  marine  aquatic  organisms. 

Contaminants  in  surface  runoff  from  the  Santa  Fe  Channel  sediment  were 
mostly  bound  to  the  sediment  particulates.  Significant  quantities  of  arsenic, 
cadmium,  chromium,  copper,  zinc,  tributyltin,  and  4,4-DDT  could  be  eroded  from 
an  upland  disposal  site  during  the  wet,  unoxidized  stage  if  the  suspended 
solids  were  not  removed  from  the  runoff.  Only  arsenic  exceeded  any  of  the 
assumed  criteria  or  standards  for  soluble  contaminants.  Potential  surface 
runoff  water  quality  problems  during  the  wet,  unoxidized  period  of  upland 
disposal  would  therefore  be  mostly  associated  with  erosion  of  particulates. 
Management  of  the  upland  disposal  site  to  remove  particulates  from  surface 
runoff  would  remove  90  to  99  percent  of  all  contaminants  in  surface  runoff.  A 
very  small  mixing  zone  ratio  of  3  to  1  would  be  required  to  dilute  soluble 
arsenic  to  the  asstuned  Receiving  Water  Quality  Limitation  standard. 

Potential  contaminant  migration  problems  in  surface  runoff  from  dry, 
oxidized  sediments  are  similar  to  those  in  surface  runoff  from  the  wet,  unoxi¬ 
dized  sediment.  Again,  only  soluble  arsenic  exceeded  the  Receiving  Water 
Quality  Limitation  standard  for  Santa  Fe  Channel  sediment.  Consideration  of  a 
small  mixing  zone  and  removal  of  the  suspended  solids  should  eliminate  the 
need  for  further  restrictions,  particularly  with  regard  to  treatment  of  solu¬ 
ble  contaminants.  A  mixing  zone  of  less  than  10  to  1  would  be  required  to 
dilute  unfiltered  contaminant  concentrations  to  less  than  or  equal  to  the 
strictest  assumed  criteria  or  standards,  and  a  mixing  zone  of  about  3  to  1 
would  be  required  for  soluble  arsenic. 

Exposure  of  sensitive  test  animals  to  Santa  Fe  Channel  sediment  runoff 
water  showed  little  potential  for  aquatic  toxicity.  Mean  survival  was  usually 
greater  than  90  percent  for  all  treatments.  These  bioassays  indicate  no 
potential  for  aquatic  toxicity  associated  with  this  runoff  water. 

Sequential  batch  and  column  leach  tests  indicated  a  complicated  leaching 
process  for  contaminants  in  Santa  Fe  Channel  sediment.  A  progressive  increase 
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in  contaminant  concentrations  was  observed  as  the  sediment  was  washed  in 
sequential  batch  leach  tests  or  continuously  washed  in  column  leach  tests. 

The  batch  tests  indicated  that  peak  concentrations  occurred  after  most  of  the 
sediments  salt  was  washed  out.  Thereafter,  concentrations  tended  to  decrease. 
Column  leach  data  were  in  general  agreement  with  increasing  concentration 
trends  followed  by  decreasing  concentration  trends,  although  the  duration  of 
the  column  tests  was  not  sufficient  to  establish  decreasing  trends  for  some 
contaminants . 

For  the  type  of  leaching  behavior  obseirved,  initial  pore  water  quality 
in  a  confined  disposal  facility  for  Santa  Fe  Channel  sediment  does  not  repre¬ 
sent  worst-case  leachate  quality.  Leachate  quality  will  get  progressively 
worse  until  the  salt  content  of  the  sediment  has  been  removed.  When  suffi¬ 
cient  rainwater  has  percolated  through  the  dredged  material  for  peak  contami¬ 
nant  concentrations  to  occur  (probably  hundreds  of  years),  present  drinking 
water  criteria  for  arsenic  and  chromium  will  probably  be  exceeded.  The  time 
required  to  reach  maximum  leachate  contaminant  concentrations  may  be  on  the 
order  of  hundreds  of  years,  depending  on  climatic  conditions  and  disposal 
site -specific  engineering  controls. 

Evaluation  of  leachate  controls  using  the  Hydrologic  Evaluation  of  Land¬ 
fill  Performance  (HELP)  computer  model  showed  that  initial  leachate  generation 
is  primarily  due  to  drainage  of  excess  water  in  the  dredged  material. 

Leachate  generation  rates  can  be  reduced  by  reducing  the  surface  area  of  the 
disposal  site  and  by  constructing  a  composite  liner. 

In  summary,  Santa  Fe  Channel  sediments  will  require  management  of  sus¬ 
pended  solids  in  effluent  and  surface  runoff  and  a  mixing  zone  of  less  than  10 
to  1  to  meet  the  strictest  assumed  water  quality  criterion  or  standard. 
Depending  on  the  location,  the  confined  disposal  site  should  have  a  reduced 
surface  area  and  a  composite  liner  to  control  leachate  migration,  especially 
if  leachate  can  migrate  to  surface  receiving  waters. 
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PREFACE 


This  report  presents  the  results  of  an  evaluation  of  upland  disposal  of 
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At  the  time  of  publication  of  this  report.  Dr.  Robert  W.  Whalin  was 
Director  of  WES.  COL  Biruce  K.  Howard,  EN,  was  Commander. 

This  report  should  be  cited  as  follows: 

Lee,  C.  R. ,  Brandon,  D.  L. ,  Tatem,  H.  E. ,  Skogerboe,  J.  G. ,  Brannon. 

J.  M. ,  Palermo,  M.  R. ,  and  Myers,  T.  E.  1993.  "Evaluation  of  Upland 
Disposal  of  Richmond  Harbor,  California,  Sediment  from  Santa  Fe  Chan¬ 
nel,"  Miscellaneous  Paper  EL-93- 18,  U.S.  Army  Engineer  Waterways 
Experiment  Station,  Vicksburg,  MS. 


PART  I :  INTRODUCTION 

The  construction  of  Richmond  Harbor  and  Santa  Fe  Channel  Project  were 
authorized  by  Congress  in  1930.  As  part  of  its  responsibility  for  maintaining 
navigable  waterways,  the  US  Army  Engineer  District,  San  Francisco  plans  to 
deepen  Richmond  Harbor  and  Santa  Fe  Channels  located  on  the  northeastern  edge 
of  San  Francisco  Bay  in  Richmond,  California  (Figures  1-1  and  1-2).  This  work 
is  consistent  with  US  Army  Corps  of  Engineers  (USACE)  dredging  regulations 
33  CFR  Parts  208  and  220-227,  the  Clean  Water  Act  404(b)(1)  guidelines,  the 
Ocean  Dttmplng  Act  and  the  National  Environmental  Protection  Act  (NEPA) .  Both 
channels  would  be  deepened  to  -38  ft  mean  lower  low  water  (HLLU)  from  the 
presently  authorized  depth  of  -35  ft  MLLW.  In  addition,  a  turning  basin  will 
be  dredged  to  -38  ft  east  of  Point  Potrero  and  the  southwestern  junction  of 
Santa  Fe  and  Richmond  Harbor  Channels  will  be  widened  and  deepened  to  -38  ft 
MLLW.  The  proposed  turning  basin  and  widening  area  have  not  been  dredged 
previously.  Dredging  will  produce  approximately  1.5  million  cubic  yards  of 
material  that  will  require  disposal. 

Sediments  were  sampled  in  April  1989  by  Battelle  Marine/Sciences  Labo¬ 
ratory  in  Sequlm,  WA  to  physically  and  chemically  characterize  the  sediments 
in  both  the  Santa  Fe  and  Richmond  Harbor  Channels  (Brown,  Kohn,  Ward  and 
Bjornstad  1989).  The  sediments  from  Santa  Fe  Channel  were  determined  to  be 
unsuitable  for  unrestricted  open  water  disposal  because  of  the  elevated  con¬ 
centrations  of  DDT  found.  Therefore,  other  disposal  alternatives,  such  as 
upland  disposal,  would  have  to  be  evaluated  for  these  sediments. 

The  US  Army  Engineer  Waterways  Experiment  Station  (WES)  was  asked  to 
assist  in  the  evaluation  of  other  alternatives,  such  as  upland  disposal,  for 
these  sediments.  Francingues  et  al.  1985  and  Lee  et  al.  1991  described  the 
Corps'  Management  Strategy  for  Disposal  of  Dredged  Material,  in  which  a  sedi¬ 
ment  is  tested  and  evaluated  for  potential  disposal  site  environments,  includ¬ 
ing  aquatic,  wetland  and  upland.  The  upland  test  protocols  were  used  in  the 
present  evaluation  to  determine  the  potential  for  migration  of  contaminants 
into  effluent,  surface  runoff,  and  leachates  at  an  upland  disposal  site. 

The  Corps  management  strategy  has  been  applied  in  total  or  in  part  to 
the  following  dredging  projects: 
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PACIFIC  OCFAN 


Figure  I-l.  Location  of  Richmond  Harbor,  Richmond,  California 
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Figure  1-2.  Locatioi.  of  Santa  Fe  and  Richmond  Harbor  Channel 


Everett  Hooeport  Project,  WA 

Black  Rock  Harbor,  CT 

Indiana  Harbor ,  IN 

Blue  River  Project,  Kansas  City,  MO 

New  Bedford  Harbor,  MA 

Baltimore  Harbor,  MD 

Southwest  Pass,  LA 

Corpus  Christi  Harbor,  TX 

Bridgeport  Harbor,  CT 

Oakland  Harbor,  CA 

Duwamish  Waterway,  UA 

Michigan  City  Harbor,  IN 

Detroit  River,  MI 

Menominee  River,  WI 

Milwaukee  Harbor,  VI 

Times  Beach  CDF  Site,  Buffalo,  NY 

Toledo  Harbor  CDF,  Toledo,  OH 

Benton  Harbor,  MI 

Acid  Mine  Spoil  Restoration,  Ottawa,  IL 
Dike  12  CDF,  Cleveland,  OH 
Lock  and  Dam  2,  St.  Paul,  MN 
Pointe  Mouillee,  MI 

Broekpolder,  Rotterdam,  The  Netherlands 

The  Corps  management  strategy  test  protocols  have  also  been  applied  to  a 

number  of  other  contaminated  sites  such  as: 

Naval  Weapons  Station,  Concord,  CA 

Naval  Subbase,  Bangor,  WA 

PCB  Spill  Site,  Delft,  The  Netherlands 

Metal  Mining  Waste  Sites,  Vales,  United  Kingdom 

Agricultural  Sites,  Haren,  The  Netherlands 

Wetland  Sites,  Eastern  Scheldt,  The  Netherlands 

Sewage  Sludge  Amended  Soils,  Beltsville,  MD 

Roadside  Contamination  Sites,  Chicago,  IL 

Agricultural  Sites,  Montepellier ,  France 

Wetland  Sites,  Lisbon,  Portugal 

Test  results  have  been  used  to  evaluate  potential  contaminant  migration 
and  to  formulate  management  strategies  and/or  remedial  actions  at  these  sites. 


Purpose  and  Scone 


The  purpose  of  this  report  is  to  describe  the  results  of  a  comprehensive 
evaluation  of  the  impact  of  placing  Santa  Fe  Channel  sediment  in  an  upland 
disposal  environment.  Contaminant  migration  via  effluent,  surface  runoff,  and 
leachate  were  evaluated.  The  upland  disposal  site  would  be  managed  such  that 
plants  and  animals  would  not  be  allowed  to  colonize  the  site.  Consequently, 
no  upland  plant  and  animal  bioassay  tests  were  conducted.  Contaminants  of 
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concern  were  salt,  metals,  tributyltin  (TBT) ,  pesticides  (particularly  DDT  and 
its  derivatives),  and  polycyclic  aromatic  hydrocarbons  (PAHs). 

Test  results  were  interpreted  in  relation  to  existing  Federal  criteria 
and/or  State  standards,  or  existing  related  data  and  information  from  litera¬ 
ture  and  past  or  present  research  projects.  Because  the  disposal  site  is  not 
known,  test  results  of  water  quality  data  from  filtered  water  samples  were 
evaluated  in  relationship  to  Federal  Water  Quality  Criteria  and/or  State  Water 
Quality  Standards  for  effluents  and  receiving  waters.  Test  results  were  com¬ 
pared  to  the  EPA  Acute  Water  Quality  Criteria  for  the  Protection  of  Aquatic 
Life  (USEPA  1987),  and  the  Effluent  and  Receiving  Water  Limitations  for  Waste 
Discharge  Issued  by  the  California  Regional  Water  Quality  Control  Board 
(CRWQCB)  in  response  to  a  permit  application  by  the  Port  of  Oakland  for  the 
disposal  of  Oakland  Harbor  sediment  as  levee  building  material  at  Twitchell 
Island  in  the  Sacramento  River  Delta.  In  the  absence  of  State  Water  (Quality 
Standards  for  an  undetermined  disposal  site,  the  Federal  Water  Quality  Cri¬ 
teria  were  assvuned  to  be  applicable  to  give  some  perspective  to  test  results. 
Section  401  requires  compliance  with  State  Water  Quality  Standards ,  rather 
than  Federal  Water  Quality  Criteria.  Final  effluent  limitations  will  be 
determined  by  the  state  under  Section  401  of  the  Clean  Water  Act  based  on  the 
local  water  quality  objectives  applicable  to  the  area  where  the  sediment  is 
placed.  These  laboratory  tests  give  predictions  of  water  quality  for  specific 
conditions  and  should  be  considered  an  indication  of  the  potential  of  an 
effluent,  surface  runoff  or  leachate  to  meet  or  exceed  applicable  water  qual¬ 
ity  standards. 

Test  data  will  be  discussed  in  terms  of  statistical  differences.  The 
word  statistical  is  used  to  describe  differences  measured  at  the  F  -  0.05 
level  of  significance  using  standard  statistical  procedures  that  consider 
variability  in  test  data  to  separate  data  means.  While  some  scientists  have 
suggested  the  use  of  higher  levels  of  significance  such  as  P  -  0.10  to  imply 
ecological  significance  to  test  data,  this  was  not  done  in  this  evaluation. 
Instead,  the  words  "significant"  and/or  "substantial"  increase  or  amount  was 
used  to  describe  the  magnitude  of  an  Increase  or  amount  and  will  be  inter¬ 
preted  in  this  report  to  mean  that  the  increase  or  amount  is  important 
ecologically. 
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PART  II:  SEDIMENT  CHARACTERIZATION 


Methods  and  Materials 

Sediment  collection,  transport,  and  mixing 

Sediment  was  collected  from  Santa  Fe  Channel  (Figure  II-l)  using  a 
vibracoring  sampler  (See  Appendix  A  for  further  details) .  Sediment  from  core 
depths  to  -38  feet  was  composited  into  fifteen  55  gallon  barrels.  All  barrels 
of  collected  sediments  were  loaded  into  a  refrigerated  truck  and  transported 
to  the  WES  for  testing.  The  barrels  were  placed  in  a  cold  storage  room  at 
degrees  Celsius  for  5  days  prior  to  mixing. 

Barrels  of  sediment  were  removed  from  the  cold  storage  room  and  poured 
into  a  lined  4x15x4  feet  soil  bed  lysimeter  (Figure  II-?).  The  sediment  was 
mixed  by  hand  with  shovels  and  mechanically  with  a  lightning  mixer  (Fig¬ 
ures  II-3  and  II-4).  After  mixing,  subsamples  were  randomly  collected  from 
the  entire  soil  bed  for  use  in  the  different  test  protocols  (Figures  II -5  and 
II-6).  Mixed  sediment  samples  were  containerized  and  stored  in  a  cold 
(4  degrees  Celsius)  storage  facility  until  used  (Figures  II-7  and  II-8).  The 
soil  bed  was  covered  for  protection  prior  to  initiation  of  surface  runoff 
tests  (Figure  II-9) . 

Sediment  mixing  was  evaluated  by  collecting  aliquot  samples  from  each 
barrel  labelled  for  each  upland  test  or  soil  bed  after  the  mixing  process. 
After  mixing  all  barrels  of  sediment  as  shown  in  Figures  II-2  through  II-6, 
subsamples  of  sediment  were  collected  to  be  used  for  separate  tests  of 
elutriate  (EL),  surface  runoff  (SR),  and  leachate  tests  (LE).  Aliquots  of 
sediment  were  collected  from  each  container  for  these  tests  and  analyzed  for 
Cu,  Xsand,  Xsolids,  and  total  organic  carbon  (TOC),  to  evaluate  how  well  the 
composite  sediment  was  mixed  and  the  uniformity  of  sediment  to  be  used  by  the 
three  separate  upland  tests. 

Physical  sediment  characterization 

Sediment  samples  were  tested  for  engineering  properties  including  liquid 
limits,  plastic  limits,  void  ratio,  water  content,  density,  particle  size 
distribution,  consolidation  and  settling,  according  to  procedures  described  in 
Engineer  Manual  1110-2-5027  (US  Army  Corps  of  Engineers  1987). 
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Location  of  Sediment  Gore  Sampling  Stations  in  Santa  Fe  Channel 


Figure  II -4.  A  Lightning  Mixer  Was  Used  To 
Thoroughly  Mix  Sediment 


Figure  H-5.  Random  Samples  Were  Removed  From  the  Soil 
Bed  Lysimeter  and  Placed  in  Barrels 


Figure  II-6.  Additional  Samples  Were  Randomly 
Collected  From  All  Sections  of  the  Soil  Bed 
Lysimeter  For  Individual  Tests 


Figure  II- 7.  Mixed  Sediments  Were  Collected  In  Barrels 
and  Taken  To  a  Refrigerated  Building 
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Figure  II-8.  Barrels  of  Mixed  Sediment  Were  Placed  in 
a  Refrigerated  Room  at  4  Degrees  Celsius  Until  Tested 


Figure  II -9.  Soil  Beds  Were  Covered  After  Mixing 
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Sediment  samples  were  shipped  to  Dr.  Eric  Crecelius  at  Battelle/Marine 
Sciences  Laboratories,  Sequim,  VIA  for  the  chemical  analyses.  Analytical  meth¬ 
ods  and  references  are  described  in  Appendix  A.  They  were  similar  to  the 
methods  discussed  in  Lee  et  al.  1992.  Santa  Fe  sediment  was  analyzed  for  10 
metals  (Ag,  As,  Cd,  Cr,  Cu,  Hg,  Ni,  Pb,  Se,  and  Zn) ,  4  butyltins  (tetra,  tri, 

di ,  and  mono),  19  pesticides  and  15  polycyclic  aromatic  hydrocarbons  (PAHs). 
All  data  received  from  the  analytical  laboratory  are  presented  in  Appendix  A. 

Results  and  Discussion 

Adequacy  of  mixing  composite  sediment 

Sediment  mixing  was  evaluated  by  collecting  aliquot  samples  from  each 
bar -el  labelled  for  each  upland  test  or  the  soil  bed  after  the  mixing  process. 
The  coefficients  of  variation  were  below  lOX  in  all  parameters  except  TOC 
which  was  39.68  and  Xsand  which  was  12.96X  for  Santa  Fe  channel  sediment 
(Table  II-l).  Normally,  coefficients  of  variability  of  lOX  or  less  are 
observed  in  good  controlled  experimentation.  Since  TOC  values  are  large  num¬ 
bers  (in  the  thousands)  one  would  expect  Increased  percentages  in  coefficients 
of  variaoility.  The  percent  sand  coefficient  of  variability  was  slightly 
above  lOX . 


Table  II-l 

Variability  of  Selected  Sediment  Quality  Data  After  Mixing 


Sample 

Cu  (raa/ke) 

TOC  (me/ka) 

X  Solids 

X  Sand 

RH-LAB-ALG 

35.6 

5240 

66 

16.0 

RL-LE-ALG 

40.8 

6670 

63 

19.0 

RH-EL-ALG 

43.7 

1649 

64 

16.5 

RH-SR-ALG 

41.4 

6040 

62 

22.0 

MEAN 

40.4 

4900 

64 

18.4 

STD.  DEV. 

2.96 

1944 

1.5 

2.38 

COEFF.  OF  VAR, 

7.34 

39.68 

2.32 

12.96 
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Physical  sediment  characterization 

The  Santa  Fe  channel  sediment  had  a  sandy  clay  (CH)  texture  according  to 
the  Unified  Soil  Classification  System.  Physical  properties  are  shown  in 
Figure  II -10  for  the  Santa  Fe  channel  sediment.  Additional  engineering  prop¬ 
erties  for  consolidation  and  settling  are  included  in  Appendix  A. 

Sediment  and  soil  chemical  characterization 

Results  of  the  chemical  analyses  of  the  Santa  Fe  channel  sediment  are 
shown  in  Tables  II-2  (metals),  II-3  (metals  QA/QC) ,  II-4  (butyltins),  II-5 
(PAHs),  II-6  (PAH  method  blank  values)  and  II-7  (pesticides). 

Bulk  chemical  analysis  data  for  sediments  give  an  inventory  of  the  pres¬ 
ence  of  contaminants.  These  data  can  be  compared  to  bulk  chemical  analysis 
data  for  potential  disposal  site  sediments  or  soils,  and/or  to  available 
information  or  literature  that  give  perspective  and/or  guidance  on  acceptable 
le\els  of  contaminants  in  soils  for  specific  uses.  Two  examples  of  guidance 
on  levels  of  contaminants  in  soils  are  shown  in  Tables  II-8  and  II -9.  Another 
example  of  bulk  chemical  analysis  data  that  could  be  used  for  comparison  is 
soil  data  from  Twitchell  Island,  a  potential  disposal  site  of  levee  rehabili¬ 
tation  (Lee  et  al.  1992).  These  comparisons  will  indicate  whether  the  dredged 
material  contains  concentrations  of  contaminants  lower  than,  equal  to,  or 
higher  than  the  respective  referenced  data  and  will  indicate  whether  there  is 
reason  to  believe  the  dredged  material  is  contaminated  and  there  is  a  need  for 
further  testing. 

Santa  Fe  channel  sediment  metals  are  shown  in  Table  II-2  with  the  metal 
concentrations  found  in  Twitchell  Island  soils  and  levee  soils,  collected  from 
Twitchell  Island.  A  few  of  these  metals  were  elevated  in  comparison  to  the 
Twitchell  Island  soil  but  none  are  unusually  high  for  sediments  (Tatem  1990) . 
Holnigren  et  al.  1987  described  allowable  application  rates  for  five  metals, 
Cd,  Cu,  Ni,  Pb,  and  Zn.  None  of  the  metals  in  the  Santa  Fe  sediment  exceed 
these  allowed  application  rates  although  nickel  concentrations  appear  to  be  at 
the  maximum  concentration  allowed  for  agricultural  production.  Hegberg  et  al. 
1991  lists  soil  phytotoxic  concentrations  for  metals.  The  only  Santa  Fe  chan¬ 
nel  sediments  metal  to  exceed  this  list  is  Cr,  and  again  the  levels  are  not 
unusual  when  compared  to  other  soils  (Engler  1980,  Richard  and  Chadsey  1990). 
All  sediments  contain  metals  and  it  is  normal  for  the  c-^ncentrations  to  vary 
from  site  to  site.  Unless  a  metal  is  found  to  be  very  high  in  comparison  to 
reference  or  disposal  site  soils  or  known  phytotoxic  concentrations,  one  of 
the  best  ways  to  evaluate  them  is  to  conduct  laboratory  studies  such  as  the 
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Figure  II -10.  Physical  Engineering  Properties  of  Santa  Fe  Channel  Sediment 


Table  II -2 


Mean  Concentrations  of  Metals  In  Santa  Fe  Channel  Sediment 
and  Twltchell  Island  Soil 


Santa  Fe 

Twitchell 

Levee 

Parameter 

Island* 

Soils* 

Silver/Ag 

0.258 

(.010)** 

0.14 

Arsenic/As 

8.450 

(0.95) 

14.7 

9.3 

Cadmium/Cd 

0.698 

(.029) 

0.46 

3.4 

Chromium/Cr 

186.3 

(4.65) 

129.0 

43.8 

Copper/Cu 

56.38 

(6.73) 

41.0 

29.0 

Mercury/Hg 

0.293 

(.019) 

0.21 

0.214 

Nickel/Ni 

80.75 

(3.59) 

73.0 

39.9 

Lead/Pb 

29.10 

(1.26) 

13.0 

10.8 

Selenium/Se 

0,175 

(.040) 

-• 

0.07 

Zinc/Zn 

117.0 

(5.35) 

96.0 

59.3 

*  Data  for  Twltchell  Is.  and  Levee  soils  are  from  Lee  et  al.  1992. 
**  Values  shown  in  parentheses  are  standard  deviations. 


effluent,  leachate,  and  nmoff  tests.  Santa  Fe  Channel  sediment  metal  concen¬ 
trations  are  in  the  range  of  those  found  in  normal  agricultural  soils 
(Table  II-9)  with  the  exception  of  nickel.  Santa  Fe  channel  sediment  appears 
to  be  elevated  in  Ni,  Cd,  Cr,  Cu,  Pb,  and  Zn  compared  to  natural  soils  or 
reference  sediments  but  only  Cr  concentrations  exceed  published  phytotoxic 
metal  concentrations  (Hegberg  et  al.  1991).  Table  II-3  shows  some  metal  QA/QC 
data  from  analytical  laboratory. 
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Table  11-3 


Concentrations  of  Metals  in  a  Standard  Reference  Material 
Analyzed  Bv  the  Analytical  Laboratory  -  Battelle/ 
Marine  Sciences  Laboratories 


Parameter 

OW  -  S 

SRM 

Silver/Ag 

0.09 

NA* 

Arsenic/As 

11.0 

11.6 

Cadmium/Cd 

0.32 

0.36 

Chromium/Cr 

68.0 

76.0 

Copper/Cu 

20.1 

18.0 

Mercury /Hg 

0.078 

0.063 

Nickel/Ni 

34.3 

32.0 

Lead/Pb 

26.8 

28.2 

Selenium/Se 

0.54 

(0.6)** 

Zinc/Zn 

131.3 

138.0 

*  NA  -  Not  Analyzed. 

**  Values  in  parentheses 

are  not  certified. 

Table  II -4 

Mean  Concentrations  of  Butvltins  In  Santa  Fe  Channel 

Sediment 

and  Twitchell  Island  Soil 

_ Concentrations  (ug/kz 

dry  weight) 

Parameter 

Santa  Fe 

Twitchell 

ButY^.ti(.n 

Channel 

Island* 

Tetra 

<0.8 

Tri 

6.35 

<2.0 

(0.84)** 

Di 

5.98 

<2.0 

(0.78) 

Mono 

2.00 

<2.0 

(0.42)  . 

TOTAL 

15.13 

*  Data  for  Twitchell  Is.  are  from  Lee  et  al.  1992. 

**  Values  shown  in  parentheses  are  standard  deviations. 
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Table  II -5 


Mean  Concentrations  of  PAHs  In  Santa  Fe  Channel  Sediment  and 

Twitchell  Island  Soil 


Parameter 

CopcentT^Usag... 

Santa  Fe 

PAH 

Naphthalene 

<24.3 

<20 

Acenaphthylene 

4.13 

<20 

Acenaphthene 

<9.2 

<20 

Fluorene 

9.90 

<20 

Phenanthrene 

62.2 

50 

Anthracene 

38.5 

<20 

Fluoranthene 

105.1 

260 

Pyrene 

196.8 

320 

Benzo (a) anthracene 

144.8 

70 

Chrysene 

158.8 

120 

Benzofluoranthene** 

625.6 

250 

Benzo (a)pyrene 

311.1 

180 

Indeno ( 1 , 2 , 3 - c , d) pyrene 

183.0 

180 

Dibenzo(a,h) anthracene 

41.4 

20 

Benzo (g,h, i)perylene 

229^6 

-210 

TOTALS 

2144.6 

1760 

Mean  X  Sur  Rec 

Anthracene 

90.8 

*  r^ata  for  Twitchell  Island  are  from  Lee  et  al.  1992. 

**  All  benzofluoranthene  isomers  (b,j  and  k)  are  quantified  together. 

Table  II -A  shows  the  Santa  Fe  channel  sediment  butyltin  data.  The  data 
show  this  sediment  contains  approximately  15  ppb  total  butyltins,  a  concentra¬ 
tion  that  is  greater  than  that  found  for  Twitchell  soil.  There  are  few  spe¬ 
cific  guidelines  for  evaluating  butyltins  in  sediment.  Therefore  potential 
environmental  effects  were  tested  using  laboratory  tests  such  as  the  effluent, 
leachate,  and  runoff  tests  described  by  Lee  et  al.  1992. 

Data  for  Santa  Fe  channel  sediment  and  Twitchell  Island  soil  PAHs  are 
presented  in  Table  II-5.  All  but  two  of  the  PAH  compounds  were  detected  in 
this  sediment  and  some  appear  to  be  at  concentrations  greater  than  those  of 
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Table  11-6 


PAH  Method  Blank  Values  for  Santa  Fe  Channel  Sediment 


Parameter 

PAH 

Concentrations  (ug/kg  dry  weight) 
Santa  Fe  Channel 

Naphthalene 

<1.50 

Acenaphthylene 

<0.22 

Acenaphthene 

<0.56 

Fluorene 

<0.44 

Phenanthrene 

<0.59 

Anthracene 

<0.26 

Fluoranthene 

<0.37 

Pyrene 

<0.28 

Benz  o ( a ) anthracene 

<0.26 

Chrysene 

<0.22 

B  enz  o  f luo  r anthene 

<0.28 

Benzo (a) pyrene 

<0.22 

Indeno (1 , 2 , 3 - c , d) pyrene 

<0.35 

Dibenzo (a ,h) anthracene 

<0.20 

Benzo ( g, h, i)perylene 

<0.18 

the  Twitchell  Island  soil.  There  are  few  guidelines  for  sediment  PAHs  but 
Tatem  1990  listed  several  reference  sediments  which  did  not  contain  detectable 
levels  of  PAHs.  Typical  contaminated  sediments  may  contain  25,000  ppb  total 
PAHs ,  a  concentration  approximately  12  times  higher  than  Santa  Fe  channel 
sediment.  The  Santa  Fe  channel  sediment  (Table  II -5)  contains  only  105  ppb 
fluoranthene  but  does  contain  other  PAHs;  consequently,  there  is  a  reason  to 
believe  the  sediment  may  be  contaminated  and  further  testing  is  warranted. 
Table  II-6  contains  PAH  method  blank  values.  Data  for  Santa  Fe  channel  sedi¬ 
ment  pesticides  show  (Table  II -7)  DDD,  DDT  and  dieldrln  concentrations  both 
greater  than  detection  limits  and  above  the  method  blank  values.  Endrin  and 
endrin  ketone  were  also  found  but  at  very  low  ppb  levels.  The  Twitchell 
Island  soil  contains  DDT  but  at  concentrations  much  less  than  those  shown  for 
Santa  Fe  channel  sediment.  There  are  few  guidelines  for  potentially  harmful 
levels  of  sediment  pesticides.  However,  these  contaminants  are  frequently 
absent  or  below  detection  limits  in  most  reference  sediments  (Tatem  1990} . 


Table  II -7 


Mean  Concentrations  of  Pesticides  In  Santa  Fe  Channel  Sediment  and 

Twltchell  Island  Soil 


L^«l « W4  tl**  It J 

Parameter 

Santa  Fe 
Channel 

Twitchell 

Island* 

Levee 

Soils* 

Method 

Blank 

Aldrin 

<3.4 

<1 

<2 

A  -  BHC 

<3.4 

<1 

-- 

<2 

B  -  BHC 

<3.4 

<1 

-- 

<2 

D  -  BHC 

<3.4 

<1 

<2 

Chlordane 

<3.4 

<1 

-- 

<2 

4,4-DDD 

202.5 

(39.5) 

<3 

<2 

4,4-DDE 

<3.4 

2.6 

3.8 

<2 

4, 4 -DDT 

185.5 

(70.5) 

5.8 

7.3 

9.2 

Dieldrin 

20.38 

(24.4) 

<1.5 

-  - 

5.1 

Endosulfan  I 

<3.4 

<1 

<2 

Endosulfan  II 

<3.4 

<1.5 

-- 

<2 

Endosulfan  Sulfate 

<3.4 

<3 

-- 

<2 

Endrin 

4.90 

(3.40) 

<1.5 

6.5 

Endrin  Aldehyde 

3.70 

(1.01) 

<1.5 

13.0 

Heptachlor 

<3.4 

<1 

-- 

<2 

Heptachlor  Epoxide 

<3.4 

<1 

-- 

<2 

Lindane  (G  -  BHC) 

<3.4 

<1 

-- 

<2 

Toxaphene 

<34 

<150 

-- 

<2 

Methoxychlor 

<6.7 

<4 

-- 

<2 

Endrin  Ketone 

3.75 

(1.11) 

<1.5 

<2 

*  Data  for  Twitchell  Is. 

and  Levee 

soils  are  from 

Lee  et  al.  1992. 

()  Standard  deviation. 
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Table  II -8 

Other  Possible  Metal  Reference  Comparisons 


Tatem  1990  Mean 
Reference  Sediment 
Values 

Richard  and 
Chadsey  1990 
Natural  Averaze 

Hegberg  et  al.  1991 
Phy to toxic 
Concentration 

Ag 

1.1 

2.0 

As 

4.9 

-- 

28.0 

Cd 

0.8 

0.1 

5.0 

Cr 

40.0 

100.0 

94.0 

Cu 

21.0 

30.0 

98.0 

Hg 

0.3 

-- 

3.0 

Ni 

17.2 

40.0 

100.0 

Pb 

32.0 

10.0 

180.0 

Se 

0.9 

-- 

9.0 

Zn 

68.0 

50.0 

270.0 

Table  II -9 

Background  Levels  and  Allowable  Applications  of  Several 

Heaw  Metals 

tgr ,  V,g  Crgplftnsji  ..gvlls.* 

Parameter 

Background  Concentration  in 

_ Sdilg.  Bg/t>g _ 

5  percentile  median  95  percentile 

No  Effect 
Allowed 
Addition** 
ke/ha 

Median  Plus 
Allowed 
Application 
mg/kg 

Lead 

4.0 

11 

27 

1,000 

511 

Zinc 

7.3 

54 

129 

500 

304 

Copper 

3.7 

19 

96 

250 

144 

Nickel 

3.8 

19 

59 

125 

82 

Cadmium 

0.035 

0.20 

0.78 

5 

2.7 

pH 

4.6 

6.1 

8.1 

-  - 

-  - 

*  Holnlgren  et  al.  (1987). 

**  Allowed  application  is  mixed  into  the  0-15  cm  (0-6  In.)  surface  layer 
of  soil. 
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PART  III:  EFFLUENT  TEST 


Methods  and  Materials 

Applicability  of  test  procedures 

The  prediction  of  effluent  water  quality  from  upland  disposal  sites  is 
one  of  the  evaluations  described  by  Francingues  et  al.  1985  for  the  management 
of  dredged  material.  The  Interpretation  of  the  test  data  was  generally 
described  in  the  decision-making  framework  of  Peddicord  et  al.  1986  and  Lee  et 
al.  1991.  The  term  effluent  is  normally  used  to  describe  the  water  discharged 
from  a  confined  (diked)  area  during  hydraulic  placement  of  dredged  material. 
Under  these  conditions  a  pond  of  water  is  maintained  within  the  diked  area, 
and  the  volumetric  flowrate  of  effluent  is  approximately  equal  to  the  volumet¬ 
ric  inflow  rate. 

For  the  disposal  operation  as  described  for  the  Santa  Fe  channel  project 
both  hydraulic  filling  and  mechanical  filling  alternatives  are  possible. 
Therefore,  the  conditions  for  "effluent”  discharge  may  be  much  different  if 
the  material  will  be  mechanically  dredged,  transported  to  the  disposal  site  by 
barge,  removed  directly  from  the  barge  with  a  clamshell,  and  mechanically 
placed  in  a  upland  confined  disposal  site.  These  operations  will  result  in 
minimal  entrainment  of  excess  water  as  compared  to  a  hydraulic  placement 
operation. 

There  is  no  standardized  testing  procedure  for  prediction  of  the  quality 
of  water  discharged  during  confined  placement  of  dredged  material  on  land  by 
mechanical  equipment  as  described  above.  However,  modified  elutriate  proce¬ 
dures  have  been  developed  for  prediction  of  the  quality  of  effluent  discharged 
from  confined  disposal  areas  during  hydraulic  placement  (Palermo  1985) .  A 
schematic  of  the  modified  elutriate  procedure  Is  shown  in  Figure  lll-l.  These 
tests  are  designed  to  estimate  both  dissolved  and  particle -associated  contami¬ 
nant  concentrations  in  the  effluent.  The  modified  elutriate  test  is  consid¬ 
ered  a  conservative  estimate  of  contaminant  release  for  material  placed  by 
mechanical  means,  therefore,  these  procedures  were  used  to  estimate  the  qual¬ 
ity  of  effluent  discharged  from  the  confined  mechanical  placement. 

The  use  of  modified  elutriate  procedures  for  this  case  is  considered 
conservative  worst  case  for  several  reasons.  The  test  procedures  simulate  the 
complete  mixing  of  sediment  and  water  during  hydraulic  dredging  processes  and 
would  result  in  more  potential  contaminant  release  to  water  that  would  occur 
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Figure  Ill-l.  Glass  Columns  of  Sedirnent/'Wate r 
Elutriate  Mixture 

trec'nan I ca  1  dredging  and  placement.  Also,  the  procedure  calls  for  extra>'- 
or  ’  .sample  for  analvsis  after  a  settling  period  of  2-*  hours.  Such  a 
'.■(.F.ire  would  result  it',  a  higher  concer-.tratlon  of  particle -a.'-30ciat:ed  con- 
s  tlian  woul-i  be  expected  for  water  release  from  a  mechanical  Iv  placed 
;  ;.i  1  'iiocaust’  only  the  finer  particle  fractions  rem.air!  after  a  24  hour 
: iiu;  period,  while  for  mechanical  effluent,  some  of  all  particle  fractions 
bn  "wa.shnd"  from  the  sediment  mass  during  water  loss. 
edure_s 

Modified  elutriate  tests  were  conducted  on  thn  Santa  Fe  Channel  sedirnnut 
I'  S  uslryg  pro<.:edures  described  in  Palermo  (1985).  Replicates  of  tl;o 
ri  ite  test-s  were  conducted  using  the  composite  sediment  samples  and  water 
'.os  oollectoui  as  described  in  Part  II  of  this  report.  The  elutriate  test 
s  were  conducted  bv  Dr,  Henry  Tatom  at  WES.  Analysis  of  plivsico- 
i  : ;  u' iiiu- :  .  s  in  tbie  elutriate  such  as  total  .suspended  solids  iTSS),  rii , 
C'l'-td  ox  .  t’i'r;  ;  DO  i  ,  and  conductivity  and  salinity  was  performed  bv  the  WF.S 
•.tioal  I.a'fior.,  t  orv  Group  tAI.G).  Subsamples  of  the  elutriate  were  preserved 
;  rarnsprjrted  to  Battel  le  for  analysis  of  metals,  PAHs  and  tti-,  di  -  .  and 
-buLvltins.  Both  dissolved  and  total  concentrations  of  contaminants  in 
modified  elvitriate  were  determined.  Because  of  the  need  for  large  samples 
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for  chemical  analysis,  multiple  test  runs  were  conducted.  TSS  concentrations 
were  not  determined  for  the  elutriate  samples  used  for  chemical  analysis,  but 
were  determined  using  separate  elutriate  test  runs. 

Data  were  analyzed  using  the  computer  program  EFQUAL  which  is  designed 
for  reduction  and  analysis  of  modified  elutriate  data  and  prediction  of  efflu¬ 
ent  quality  from  confined  disposal  areas.  EFQUAL  calculates  predicted  values 
for  both  dissolved  and  total  effluent  contaminant  concentrations  and  deter¬ 
mines  required  effluent  dilutions  for  those  parameters  exceeding  given  cri¬ 
teria  or  standards.  EFQUAL  is  a  part  of  the  Automated  Dredging  and  Disposal 
Alternatives  Management  System  (Schroeder  and  Palermo  1990). 

Results  and  Discussion 

The  replicate  mean  results  for  dissolved  contaminants  in  the  modified 
elutriate  tests  are  summarized  in  Table  IIl-l  for  the  Santa  Fe  Channel  sedi¬ 
ment.  For  those  replicates  for  which  the  elutriate  samples  were  below  detec¬ 
tion,  the  detection  limit  was  used  in  calculating  the  mean  values. 

The  dissolved  and  total  modified  elutriate  concentrations  were  used  to 
calculate  fractions  of  the  contaminants  associated  with  the  suspended  parti¬ 
cles  as  described  in  Palermo  (1985).  These  fractions  were  then  used  to  esti¬ 
mate  a  total  concentration  of  contaminants  in  the  effluent  for  a  range  of 
assumed  effluent  TSS  concentrations  from  50  to  200  mg/1.  These  results  are 
shown  in  Table  III-2,  The  total  modified  elutriate  concentrations  were  equal 
to  or  lower  than  concentrations  for  the  dissolved  samples  for  some  test  repli¬ 
cates.  In  this  case,  the  TSS  fraction  did  not  contribute  to  the  total 
concentrations . 

Water  quality  standards 

The  estimated  dissolved  concentrations  in  the  effluent  are  equal  to  the 
dissolved  modified  elutriate  test  concentrations  as  shown  in  Table  III- 2.  For 
this  analysis,  the  dissolved  effluent  concentrations  were  compared  to  the  EPA 
Fresh  and  Marine  Acute  Water  Quality  Criteria  for  the  Protection  of  Aquatic 
Life  (USEPA  1987) ,  as  well  as  the  Effluent  and  Receiving  Water  Limitation 
standards  for  dredging  Oakland  Harbor  issued  by  CRWQCB  in  response  to  a  permit 
application  by  the  Port  of  Oakland.  The  latter  was  done  to  give  more  perspec¬ 
tive  to  test  results.  In  the  absence  of  state  water  quality  standards  for  an 
undetermined  disposal  site,  the  federal  water  quality  criteria  were  assumed  to 
be  applicable  to  give  some  perspective  to  test  results.  Section  401  requires 
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Table  III-l 

Modified  Elutriate  Results  for  Santa  Fe  Channel  Composite  Sample 


Freshwater* 

Saltwater* 

Elutriate 

Ca  State 

EPA  Acute 

EPA  Acute 

Dissolved 

RWQCB 

WQ  Criteria 

WQ  Criteria 

Parameter 

ue/l 

ue/1 

Silver 

0 

4.1 

2.3 

Arsenic 

3.37 

Cadmium 

0.8 

1.8 

3.9 

43 

Chromium 

1.44 

16 

16 

1100 

Copper 

4.9167 

9.2 

18 

2.9 

Mercury 

0.0397 

2.4 

2.1 

Nickel 

1.1967 

1400 

75 

Lead 

2.2167 

34 

82 

140 

Selenium 

bd 

260 

410 

Zinc 

28.5667 

65 

120 

95 

Tributyltin 

0.0144 

0,08 

Dibutyl tin 

0.0121 

Monobutyl tin 

0.0092 

Conductivity 

pH 

7.4 

DO 

9 

Salinity 

29 

Naphthalene 

0.0376 

2300 

2350 

Acenaphthylene 

0.0057 

Acenapthene 

0.0143 

1700 

970 

Fluorene 

0.0114 

0 

0 

Phenanthrene 

0.0152 

Anthracene 

0.0067 

Fluoranthene 

0.0095 

3980 

40 

Pyrene 

0.0071 

fienzo [ a ] anthracene 

0.0067 

Chrysene 

0.0057 

Benzo [k] fluoranthene 

0.0071 

Benzo [ b ] fluoranthene 

0.0071 

Benzo [a]pyrene 

0.0057 

Indeno[l,2, 3 -c,d] pyrene 

0.0091 

Dibenzo [ a , h ] anthracene 

0.0052 

Benzo [ g , h , i ] perylene 

0.0046 

*  In  the  absence  of  state  water  quality  standards  for  an  undetermined 

disposal  site,  the  Federal  Water  Quality  Criteria  were  assumed  to  be  appli¬ 
cable  to  give  perspective  to  test  results. 
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Table  III-2 


Predicted  Effluent  Total  Concentratlor.;:  for  Santa  Fe  Channel  Sedlfflent 


Predicted  Total  Effluent 

Concentrations 

in  ug/1 

for  Effluent  TSS 

Concentrations 

50 

100 

150 

200 

Parameter 

mz/1 

mg/1 

me/l 

Silver 

0,0100 

0.010 

0.010 

0.010 

Arsenic 

3 . 1600 

3.300 

3.470 

3.640 

Cadmium 

0 . 8000 

0.800 

0.800 

0.800 

Chromium 

1.8300 

2.2300 

2.6200 

3 . 0200 

Copper 

4.9100 

4.9100 

4.9100 

4.910 

Mercury 

0.0397 

0.0397 

0.0397 

0.0397 

Nickel 

1.88 

2.56 

3.25 

3.93 

Lead 

2.300 

2.410 

2.490 

2.580 

Selenivun 

bd* 

bd 

bd 

bd 

Zinc 

28.560 

28.560 

28.560 

28.560 

Tributyl tin 

0.0148 

0.0152 

0.0156 

0.0160 

Dibutyltin 

0.0121 

0.0121 

0.0121 

0.0121 

Monobutyl tin 

0.0092 

0.0092 

0.0092 

0.0092 

Naphthalene 

0.0383 

0.0391 

0.0398 

0.0406 

Acenaphthylene 

0.0058 

0.0060 

0.0061 

0.0062 

Acenapthene 

0.0225 

0.0307 

0.0389 

0.0471 

Fluorene 

0.0116 

0.0119 

0.0121 

0.0123 

Phenanthrene 

0.0155 

0.0158 

0.0161 

0.0165 

Anthracene 

0.0068 

0,0069 

0.0070 

0.0071 

Fluoranthene 

0.0097 

0.0099 

0.0101 

0.0103 

Pyrene 

0.0127 

0.0182 

0.0238 

0.0294 

Benzo [ a ] anthracene 

0.0068 

0.0069 

0.0070 

0.0071 

Chrysene 

0.0060 

0.0062 

0.0065 

0.0068 

Benzo (k] fluoranthene 

0.0073 

0.0074 

0.0075 

0.0076 

Benzo [b ] fluoranthene 

0.0073 

0.0074 

0.0075 

0.0076 

Benzo [a] pyrene 

0.0058 

0.0060 

0.0061 

0.0062 

Indeno [ 1 , 2 , 3 - c , d] pyrene 

0.0093 

0.0094 

0.0096 

0.0097 

Dibenzo [ a ,h] anthracene 

0.0068 

0.0055 

0.0056 

0.0057 

Benzo [ g, h, i]perylene 

0.0047 

0.0048 

0.0048 

0.0049 

*  Below  detection. 

compliance  with  State  water  quality  standards,  rather  than  Federal  water  qual¬ 
ity  criteria. 

EFQUAL  uses  t-tests  to  compare  the  predicted  effluent  concentrations  to 
specified  criteria  or  standards.  Contaminant  concentrations  less  than  or 
equal  to  the  assumed  criteria  are  postulated  as  the  null  hypothesis.  Contami¬ 
nant  concentrations  greater  than  the  assumed  criteria  serve  as  the  alternate 
hypothesis.  A  rejection  of  the  null  hypothesis  suggests  values  were  greater 
than  the  assumed  criteria.  In  general,  the  predicted  dissolved  effluent 
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concentrations  were  well  below  all  assumed  criteria  and  standards.  An  excep¬ 
tion  was  copper  that  exceeded  the  EPA  saltwater  criterion  (level  of  confidence 
of  98X).  A  dilution  in  the  mixing  zone  of  less  than  2  would  be  required  to 
meet  the  assumed  criterion. 

Mass  release 

No  standards  for  mass  loading  were  specified  by  the  Water  Quality  Con¬ 
trol  Board.  Therefore,  predictions  of  the  total  concentration  of  contaminants 
in  the  effluent  for  an  assumed  range  of  effluent  TSS  from  50  to  200  mg/1  were 
used  to  estimate  potential  mass  releases.  These  results  are  shown  in 
Tables  III -2.  These  estimates  of  total  concentrations  were  used  to  compute  a 
mass  release  of  contaminants  expressed  as  a  percentage  for  an  assumed  hydrau¬ 
lic  placement  operation. 

The  sediment  contaminant  concentrations  for  the  Santa  Fe  samples  were 
used  as  the  initial  contaminant  concentrations  as  placed  (shown  in 
Table  III-3).  Hydraulic  placement  was  assumed  to  result  in  an  inflow  sus¬ 
pended  solids  concentration  of  150  g/1.  The  total  effluent  concentrations  of 
contaminants  for  the  assumed  range  of  50  to  200  mg/1  of  effluent  TSS  was  then 
used  to  compute  the  percentage  of  total  contaminants  placed  which  would  be 
discharged  as  effluent.  Mass  release  calculated  for  the  hydr.aulic  placement 
method  is  conservative  (worst  case)  as  compared  with  that  for  mechanical 
placement.  The  resulting  mass  release  expressed  as  percentage  of  the  total 
contaminants  placed  are  summarized  In  Table  I1I-3. 

The  mass  releases  were  generally  well  below  one  percent.  The  butyltln 
releases  for  Santa  Fe  channel  sediment  was  higher  ranging  up  to  3  percent. 
These  higher  values  of  release  expressed  as  a  percentage  reflect  the  fact  the 
initial  concentrations  of  butyltins  in  the  sediments  were  comparatively  low 
and  all  release  is  associated  with  the  dissolved  fraction.  These  data  gener¬ 
ally  indicate  that  the  placement  operation  should  be  managed  to  reduce  the 
level  of  suspended  solids  in  the  effluent  to  the  greatest  degree  practical. 

Biological  Evaluation 

The  modified  elutriate  test  procedure  is  discussed  by  Palermo  (1986). 

It  is  used  to  predict  both  dissolved  and  particle-associated  concentrations  of 
environmental  contaminants  in  effluents  from  confined  dredged  material  dis¬ 
posal  areas.  One  important  difference  between  the  standard  elutriate  devel¬ 
oped  by  the  CE  (EPA/CE  1977)  and  the  modified  elutriate  is  the  method  used  to 
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Table  III *3 


Estimated  Mass  Release  for  Santa  Fe  Channel  Sediment 


Predicted  Percentage  Mass  Loss 


Parameter 

Sediment 

Concentration 

mg/kg 

for  Effluent  TSS  Concentration 
50  100  150  200 

az/l  me/l  mg/.l  mz/l 

Silver 

0.258 

0.03 

0.03 

0.03 

0.03 

Arsenic 

8.5 

0.25 

0.26 

0.27 

0.29 

Cadmium 

0.69 

0.77 

0.77 

0.77 

0.77 

Chromium 

186 

0.01 

0.01 

0.01 

0.01 

Copper 

56.3 

0.06 

0.06 

0.06 

0.06 

Mercury 

0.218 

0.12 

0.12 

0.12 

0.12 

Nickel 

81 

0.02 

0.02 

0.03 

0.03 

Lead 

29.1 

0.05 

0.06 

0.06 

0.06 

Selenium 

0.17 

0 

0 

0 

0 

Zinc 

117 

0.16 

0.16 

0.16 

0.16 

Tributyltin 

0.00635 

1.55 

1.60 

1.64 

1.68 

Dibutyl tin 

0.00598 

1.35 

1.35 

1.35 

1.35 

Monobutyl tin 

0.002 

3.07 

3.07 

3.07 

3.07 

Naphthalene 

0.0243 

1.05 

1.07 

1.09 

1.11 

Acenaphthylene 

0.00413 

0.94 

0.97 

0.98 

1.00 

Acenapthene 

0.0092 

1.63 

2.22 

2.82 

13.41 

Fluorene 

0.0099 

0.78 

0.80 

0.81 

0.83 

Phenanthrene 

0.06218 

0.17 

0.17 

0.17 

0.18 

Anthracene 

0.03853 

0.12 

0.12 

0.12 

0.12 

Fluoranthene 

0.105 

0.06 

0.06 

0.06 

0.07 

Pyrene 

0.196 

0.04 

0.06 

0.08 

0.10 

Benzo [ a] anthracene 

0.144 

0.03 

0.03 

0.03 

0.03 

Chrysene 

0.158 

0.03 

0.03 

0.03 

0.03 

Benzo [k] fluoranthene 

0.625 

0.01 

0.01 

0.01 

0.01 

Benzo [b ] fluoranthene 

0.625 

0.01 

0.01 

0.01 

0.01 

Benzo [a]pyrene 

0.311 

0.01 

0.01 

0.01 

0.01 

Indeno [ 1 , 2 , 3 - c , d ] pyrene 

0.182 

0.03 

0.03 

0.04 

0.04 

Dibenzo [ a , h ] anthracene 

0.0414 

0.11 

0.09 

0.09 

0.09 

Benzo [ g , h , i ] perylene 

0.229 

0.01 

0.01 

0.01 

0.01 

determine  the  voltune  of  sediment  to  be  mixed  with  the  water.  The  modified 
elutriate  generally  is  prepared  using  more  sediment  than  the  standard 
elutriate.  Both  elutriates  were  originally  developed  for  use  as  chemical 
samples  but  now  are  being  used  as  well  for  various  bioassay  testing.  This 
report  presents  both  chemical  and  biological  data  on  modified  elutriate  pre¬ 
pared  from  the  Santa  Fe  Channel  sediment.  This  kind  of  comprehensive  analysis 
has  not  been  attempted  in  the  past. 
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Modified  elutriates  were  prepared  following  procedures  outlined  in 
Palermo  (1985)  and  (1986).  Step  one  was  to  determine  the  grams  of  dry  Santa 
Fe  Channel  sediment  in  a  known  volume  (grams  per  liter).  This  value  was  then 
used  in  the  equations  described  in  Palermo  (1985),  assuming  a  slurry  concen¬ 
tration  of  150  grams  per  liter.  Sediment  and  site  water  were  well  mixed  in  a 
gallon  jar  prior  to  being  agitated  vigorously  in  a  4- liter  cylinder  for  1  hour 
by  aeration.  After  being  allowed  to  settle  for  24  hours  the  supernatant  was 
collected  from  the  cylinder  by  siphoning.  A  large  volume  of  elutriate  was 
needed  for  the  chemical  analyses,  both  filtered  and  unfiltered  samples,  and 
the  bioassays.  Each  cylinder  produced  approximately  1.8  to  2.2  liters  of 
modified  elutriate.  Approximately  12  liters  of  water  were  siphoned  from  the 
5  cylinders  and  placed  in  gallon  jars.  In  some  cases,  the  modified  elutriates 
were  held  overnight  at  4  degrees  C,  while  beakers  and  animals  were  being  pre¬ 
pared.  There  was  no  sediment  layer  present  in  these  samples.  These  samples 
were  sent  for  chemical  analyses  of  metals,  butyltins  and  PAHs.  The  chemistry 
laboratory  wanted  as  much  as  3  liters  of  samples  (6  liters  counting  both  fil¬ 
tered  and  unfiltered  samples)  for  each  of  the  two  organic  parameters  and  about 
1  liter  for  the  metals.  Additional  water  was  required  for  the  bioassays.  The 
procedure  for  preparation  of  these  samples  was  to  take  the  contents  of  two  or 
three  cylinders  to  make  one  chemical  sample,  both  filtered  and  unfiltered. 
Additional  modified  elutriate  runs  were  completed  for  the  bioassays.  The 
bioassays  were  performed  on  composite  samples  of  modified  elutriate  from  all 
five  cylinders.  Separate  modified  elutriates  were  made,  using  similar 
sediment/water  concentrations,  for  the  total  suspended  solids  calculations 
needed  to  predict  the  size  of  the  disposal  area  needed. 

Results  and  Discussion 

Table  III -4  shows  results  from  the  modified  elutriate  bioassay.  These 
modified  elutriates  were  always  at  a  salinity  of  25-28  ppt  because  they  were 
made  with  dredging  site  water.  The  modified  elutriate  settled  to  3  distinct 
layers,  a  2-3  cm  sandy  layer,  a  lighter  12  cm  sediment  layer  and  the  rela¬ 
tively  clear  water  layer.  The  dissolved  oxygen  of  the  modified  elutriates 
was  always  greater  than  7  to  8  ppm;  pH  was  7.7  -  7.9,  similar  to  laboratory 
culture  water  of  the  same  salinity.  Neomvsis  exposed  to  the  Santa  Fe  channel 
sediment  modified  elutriate  demonstrated  no  toxicity.  Therefore  it  is  con¬ 
cluded  that  effluent  from  disposal  of  the  Santa  Fe  channel  sediment  in  an 
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Table  III -4 


Percent  Survival  of  Neomvsis  Exposed  to  Santa_Ee 
Channel  Sediment  Modified  Elutriate -fcr 
96  hours  at  25  ppt  salinltY 


Treatment 


Percent  survival 


Controls  1  -  100 

2  -  100 

3  -  100 

4  -  100 

5  -  90 

10  X  1  -  100 

2  -  100 

3  -  100 

4  -  100 

5  -  100 

50*  1  -  100 

2  -  100 

3  -  100 

4  -  100 

5  -  90 

lOOX  1  -  100 

2  -  100 

3  -  100 

4  -  90 

5  -  100 

Site  1  -  100 

Water  2  -  100 

3  -  90 

4  -  100 

5  -  100 


upland  COF  will  have  very  little  potential  for  adversely  affecting  marine 
aquatic  organisms  in  the  receiving  water. 

Efflwni?  iBpflg.tg  anA. 

This  evaluation  of  the  effluent  indicated  that,  with  the  exception  of 
copper  for  the  Santa  Fe  channel  sediment,  the  effluent  will  meet  all  assumed 
water  quality  criteria  and  standards  prior  to  any  mixing.  The  concentrations 
of  dissolved  copper  for  Santa  Fe  exceeding  the  assumed  criteria  will  require  a 
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dilution  of  up  to  2  in  the  mixing  zone  to  meet  the  assumed  criterion.  This 
degree  of  mixing  can  generally  be  achieved  within  a  short  distance  of  the 
effluent  discharge . 

The  total  mass  release  of  contaminants  as  effluent  was  estimated  to  be 
generally  less  than  three  percent  of  the  total  contaminants  placed,  and  varied 
with  respect  to  the  assumed  concentration  of  TSS  in  the  effluent.  The  place¬ 
ment  operation  should  be  managed  to  reduce  the  TSS  concentration  in  the  efflu¬ 
ent  to  the  largest  degree  practical.  This  can  be  accomplished  by  ponding  of 
effluent  water  within  the  confined  disposal  site  prior  to  discharge.  The 
resulting  sedimentation  of  suspended  solids  should  reduce  the  total  mass 
release  of  contaminants. 

The  salinity  of  the  effluent  could  potentially  cause  some  adverse  envi¬ 
ronmental  impacts .  A  dilution  of  approximately  10  to  1  would  reduce  the 
salinity  to  less  than  2  ppt  and  would  minimize  any  impacts  due  salinity. 
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PART  IV:  SURFACE  RUNOFF  TEST 


EyMlmflQn 

Sediments  removed  from  waterways  by  construction  projects  sometime  con¬ 
tain  elevated  concentrations  of  contaminants  such  as  heavy  metals ,  poly¬ 
chlorinated  biphenyls  (PCBs),  and  polycyclic  aromatic  hydrocarbons  (PAHs) . 

The  potential  for  adverse  environmental  impacts  from  contaminants  carried  by 
surface  runoff  depends  on  several  factors  including  the  chemical  form  of  the 
contaminants  and  the  type  of  disposal  environment.  Uet,  unoxidized  dredged 
material  usually  has  a  pH  >  7  with  most  contaminants  tightly  bound  to  the 
sediment  particulates.  Movement  of  contaminants  from  the  disposal  site  by 
surface  runoff  would  result  primarily  from  erosion  of  sediment  (Skogerboe  et 
al.  1987),  Suspended  solids  concentrations  in  surface  runoff  could  range  from 
5,000  to  50,000  mg/1.  Unfiltered  (total)  contaminant  concentrations  in  surface 
runoff  could  also  be  very  high,  while  filtered  (dissolved)  contaminant  concen¬ 
trations  would  be  relatively  low.  When  the  dredged  material  is  placed  in  an 
upland  disposal  environment,  physicochemical  changes  occur  as  the  material 
dries  and  oxidizes.  These  changes  may  significantly  affect  the  surface  runoff 
water  quality,  particularly  the  filtered  contaminant  concentrations.  As  the 
sediment  dries  and  oxidizes  a  hard  surface  crust  forms  which  makes  the  sedi¬ 
ment  more  resistant  to  erosion  and  decreases  suspended  solids  to  10  to 
1,000  mg/1.  Unfiltered  contaminant  concentrations  will  decrease  by  several 
orders  of  magnitude,  but  filtered  concentrations  of  some  contaminants  may 
increase.  When  the  filtered  concentration  statistically  equals  the  unfiltered 
concentration,  most  of  the  contaminant  is  dissolved  rather  than  adsorbed  to 
particulates  (Skogerboe  et  al.  1987). 

The  prediction  of  surface  runoff  water  quality  from  Corps  of  Engineers 
(CE)  upland  disposal  sites  is  one  of  the  evaluations  described  by  Francingues 
et  al.  (1985)  for  the  management  of  dredged  material.  The  interpretation  of 
the  test  data  has  been  generally  described  in  the  decision-making  framework  of 
Peddicord  et  al.  (1986)  and  Lee  et  al.  (1991).  The  US  Army  Engineer  Waterways 
Experiment  Station  (WES)  developed  a  rainfall  simulator,  lysimeter  system  to 
predict  surface  rvmoff  water  quality  from  CE  project  sites.  The  WES  system  is 
a  rotating  disk  t3rpe  rainfall  simulator  modified  from  a  design  of  Morin,  Gold¬ 
berg,  and  Seginer  (1967),  It  incorporates  the  latest  methods  to  accurately 
duplicate  the  drop  size  and  terminal  velocities  of  natural  rainfall,  factors 


which  are  critical  in  erosion  and  infiltration  studies  (Westerdahl  and  Skoger- 
boe  1982) .  Extensive  field  verification  studies  have  been  conducted  with  the 
WES  Rainfall  Simulator,  Lysimeter  System  on  a  wide  range  of  CE  project  sites 
(Westerdahl  and  Skogerboe  1982;  Lee  and  Skogerboe  1984;  Skogerboe  et  al. 

1987).  The  WES  Rainfall  Slmulator/Lysimeter  System  proved  to  be  an  effective 
tool  for  predicting  surface  irunoff  rates,  soil  loss,  and  contaminant  concen¬ 
trations.  This  study  was  designed  to  predict  potential  surface  runoff  water 
quality  from  upland  disposal  of  dredged  material  contaminated  with  heavy 
metals,  PAHs,  and  butyltins  from  the  Santa  Fe  Channel  sediment.  Sediment  was 
collected  from  the  proposed  dredging  site  and  tested  using  the  WES  Rainfall 
Simulator/  Lysimeter  System.  Surface  runoff  water  quality  tests  were  con¬ 
ducted  on  the  wet,  unoxidized  sediment  and  again,  six  months  later  on  air- 
dried  and  oxidized  sediment.  Runoff  samples  were  analyzed  for  suspended 
solids,  pH,  conductivity,  and  contaminants. 

Test  results  were  Interpreted  in  relation  to  existing  Federal  criteria 
and/or  State  standards,  or  existing  related  data  and  information  from  litera¬ 
ture  and  past  or  present  research  projects.  Normally,  test  results  of  water 
quality  data  from  filtered  water  samples  were  evaluated  in  relationship  to 
Federal  water  quality  criteria  and/or  State  water  quality  standards  for  efflu¬ 
ents  and  receiving  waters.  Test  results  were  compared  to  the  EPA  Acute  Water 
Quality  Criteria  for  the  Protection  of  Aquatic  Life  (USEPA  1987) ,  and  the 
Effluent  and  Receiving  Water  Limitations  for  Waste  Discharge  issued  by  the 
California  Regional  Water  Quality  Control  Board  (CRWQCB)  in  response  to  a 
permit  application  by  the  Port  of  Oakland  for  the  disposal  of  Oakland  Harbor 
sediment  as  levee  building  material  in  the  Sacramento  River  Delta.  While 
these  limitations  may  only  apply  to  sediments  from  Oakland  Harbor,  they  do 
give  some  perspective  to  the  implication  of  potential  impact  on  water  quality 
should  such  limitations  be  Issued  for  the  Santa  Fe  Channel  sediments.  In  the 
absence  of  State  Water  Qviallty  Standards  for  an  undetermined  disposal  site, 
the  federal  water  quality  criteria  were  assumed  to  be  applicable  to  give  some 
perspective  to  test  results.  Section  401  requires  compliance  with  State  water 
quality  standards,  rather  than  Federal  water  quality  criteria.  Final  effluent 
limitations  will  be  determined  based  on  the  local  water  quality  objectives 
applicable  to  the  area  where  the  sediment  is  placed.  These  laboratory  tests 
give  predictions  of  water  quality  for  specific  conditions  and  should  be 
considered  an  indication  of  the  potential  of  an  effluent,  surface  runoff  or 
leachate  to  meet  or  exceed  applicable  water  quality  standards . 
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Methods  and  Materials 


One  soil  bed  lysine ter  (4.57  n  by  1.22  m)  was  filled  to  a  depth  of  0.33 
m  with  sedinent  fron  the  Santa  Fe  Channel.  After  thorough  mixing,  standing 
water  on  the  sedinent  was  decanted  off  the  surface  of  the  lysimeter.  A  com¬ 
posite  sediment  sample  was  collected  from  each  lysimeter  and  analyzed  for  pH, 
electrical  conductivity,  arsenic,  cadmium,  chromium,  copper,  lead,  mercury, 
zinc,  tributyltin,  dibutyltin,  and  monobutyltin,  pesticides,  FAHs  and  PCBs 
(USEPA  1986) .  Each  sediment  was  then  tested  with  the  LES  rainfall  simulator 
using  three,  30-min  storm  events  at  5.08-cm/hr  on  successive  days 
(Figures  IV-1,  IV-2,  IV-3),  Skogerboe  et  al.  1987).  Runoff  rates  were  mea¬ 
sured  every  minute,  and  4- liter  samples  were  collected  for  chemical  analysis 
at  5,  15,  and  25  min  after  the  runoff  began  to  occur.  Additional  samples  were 
collected  for  suspended  solids  determinations  at  several  additional  points 
along  the  surface  runoff  hydrograph.  The  4-llter  samples  were  combined  into  a 
composite  sample  for  each  test  run  and  analyzed  chemically  for  filtered  and 
unfiltered  heavy  metals,  butyltins,  pesticides,  PAHs  and  PCBs  (USEPA  1984). 
Bioassay  tests  were  also  conducted  on  Che  composite  surface  runoff  sample. 

The  lysimeter  was  then  covered  with  semi-transparent  tops  which  allowed 
air  movement  over  the  surface  of  the  sediment  (Figure  II -9).  After  6  months 
of  drying  and  oxidation  (Figure  IV-4) ,  the  sediment  was  sampled  and  three 
storm  events  were  conducted  on  the  lysimeter.  Storm  events,  sample  collection 
and  sample  analysis  were  the  same  as  the  wet  stage  tests. 

One  tailed  t- tests  were  used  to  compare  total  and  filtered  surface  run¬ 
off  concentrations  to  the  assumed  EPA  Fresh  and  Marine  Acute  Water  Quality 
Criteria  for  the  Protection  of  Aquatic  Life  (USEPA  1987) ,  as  well  as  the 
assumed  Effluent  and  Receiving  Water  Limitation  standards  for  dredging  Oakland 
Harbor  issued  by  CRWQCB  (Table  IV-1).  Contaminant  concentrations  less  than  or 
equal  to  the  assumed  criteria  and  standards  were  postulated  as  the  null 
hypothesis.  Contaminant  concentrations  greater  than  the  assumed  EPA  Criteria 
served  as  the  alternate  hypothesis.  A  rejection  of  the  null  hypothesis  indi¬ 
cated  that  values  were  greater  than  the  assumed  criteria  or  standards.  All 
runoff  concentration  data  was  first  transformed  into  natural  logs  before  sta¬ 
tistical  analysis  was  conducted.  In  the  absence  of  state  water  quality 
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Figure  IV-2.  Runoff  rate  measurements  were  taken 
throughout  the  rainfall  simulation 
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Figure  IV-3.  Soil  bed  of  anaerobic  sediment  just 
after  a  simulated  rainfall  event 

standards  for  an  undetermined  disposal  site,  the  federal  water  quality  cri¬ 
teria  were  used  to  give  some  perspective  to  test  results.  Section  401 
requires  compliance  with  State  water  quality  standards,  rather  than  Federal 
water  quality  criteria. 

Statistical  procedures  were  used  to  compare  filtered  (soluble)  and 
unfiltered  (total)  contaminant  concentrations  in  surface  runoff  from  the  both 
wet  anaerobic  and  dry,  oxidized  sediment.  All  nuoff  concentration  data  was 
first  transformed  into  natural  logs  before  statistical  analysis  was  conducted. 
The  statistical  tests  were  conducted  using  SAS  Analysis  of  Variance  (ANOVA) 
procedure  (Barr  et  al.  1976).  The  null  hypothesis  was  that  all  concentrations 
for  a  particular  contaminant  were  equal.  The  alternate  hypothesis  was  that 
the  two  contaminant  concentrations  were  not  equal.  Actual  contaminant  concen¬ 
trations  that  were  statistically  different  were  determined  using  the  SAS, 
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Figure  IV-4.  Soil  bed  of  dried  and  oxidized  sediment 
prior  to  rainfall  simulation 

generated  95  X  confidence  intervals.  All  statistical  tests  were  coi. 'ucted  at 
the  P  -  0.05  level  of  significance.  A  detailed  description  of  the  tests  was 
given  by  Winer  1971. 

Wet,  unoxldlzed  surface  runoff  tests 

The  mean  suspended  solids  concentration  was  6240  mg/1  in  surface  runoff 
from  the  wet,  unoxldlzed  sediment  (Table  IV-2).  Mean  surface  runoff  pH  was 
7.76  and  the  electrical  conductivity  1.39  raV/cm. 

Results  of  the  runoff  tests  showed  that  cadmium,  chromlxtm,  copper,  lead, 
and  zinc  in  surface  runoff  were  poorly  soluble.  Concentrations  of  filtered 
(soluble)  metals  were  statistically  less  than  unfiltered  (total)  concentra¬ 
tions  (Table  IV-3)  except  for  arsenic,  and  silver.  Runoff  mercury  concentra¬ 
tions  were  less  than  the  detection  limits  and  silver  concentrations  were  not 
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Table  IV- 1 

Water  Quality  Criteria  and  Standards  fug/1)  for  Comparison  to  Test  Results 


Parameter 

USEPA 

Marine  Acute** 
Criteria 

USEPA 

Fresh  Acute** 
Criteria 

Effluent* 

Limitation 

Receiving* 
Water  Limitation 

Arsenic 

69 

360 

50 

1 

Cadmium 

43 

3.9 

1.8 

0.65 

Chromium 

1100 

16 

16 

11 

Copper 

2.9 

18 

9.2 

6.5 

Mercury 

2.1 

2.4 

2.4 

0.012 

Lead 

140 

82 

34 

Zinc 

95 

120 

65 

59 

Tributyltin 

-- 

-- 

0.080 

0.020 

Dibutyltin 

-- 

-- 

-- 

-- 

Monobutyltin 

-- 

-- 

Total  Butyltin 

-- 

-- 

-- 

*  Limitation  standards  issued  by  California  Regional  Water  Quality  Control 
Board  (CRWQCB)  in  response  to  a  permit  application  by  the  Port  of  Oakland 
(CRWQCB  1989). 

**  In  the  absence  of  state  water  quality  standards  for  an  undetermined 
disposal  site,  the  federal  water  quality  criteria  were  assumed  to  give 
perspective  to  test  results. 

No  values  available . 


Table  IV- 2 

Surface  Runoff  Water  Quality  from  Santa  Fe  Sediment 


Parameter 

Wet 

Dry 

Sediment 

Suspended  Solids 

6240 

2130 

(mg/1)** 

(4780-8130) 

(1640-2780) 

pH 

7.76 

7.73 

(7.44-8.08) 

(7.41-8.06) 

Electrical 

1.39 

2.85 

Conductivity 

(mV/cm) 

(0.71-2.08) 

(2.17-3.54) 

**  Nimbers  in  parenthesis  represent  the  95  X  confidence  interval  about  the 
mean. 
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Table  IV- 3 


Surface  Runoff  Water  Quality  From  Santa  Fe  Sediments  Metals 


Wet _  _ ElX 


Parameter 

Unfiltered 

Filtered 

Unfiltered 

liltexed _ 

Arsenic  *** 

9.08  * 

3.60  * 

8.27  * 

3.33  * 

(ug/L) 

(5.41-15.2)+ 

(2.14-6.04) 

(4.93-13.9) 

(2.09-5.29) 

Silver 

0.078  ** 

0.068  ** 

1.15  ** 

1.05  ** 

(ug/L) 

(0.06-0.11) 

(0.05-0.09) 

(0.83-1.60) 

(0.79-1.41) 

Cadmium 

3.41  y/* 

<0.10 

1.37  * 

0.085 

(ug/L) 

(2.20-5.28) 

(0.884-2.12) 

(0.057-0.126) 

Chromium 

28.9 

1.58 

24 . 0  (M* 

0.382  ** 

(ug/L) 

(19.6-42.6) 

(1.07-2.33) 

(16.3-33.4) 

(0.270-0.540) 

Copper 

270  $(ay/* 

<1.00 

90.0  $@#* 

2.96  ** 

(ug/L) 

(144-509) 

(47.8-169) 

(1.68-5.22) 

Mercury 

<0.1 

<0.1 

<0.1 

<0.1 

(ug/L) 

Lead 

60.8 

0.474  ** 

42.3 

0 . 360  ** 

(ug/L) 

(31.2-119) 

(0.243-0.924) 

(21.7-82.5) 

(0.201-0.664) 

Zinc 

602 

13.0 

155  $y/* 

16.3 

(ug/L) 

(371-977) 

(8.04-21.1) 

(95.7-252) 

(10.6-25.2) 

+  Numbers  in  parenthesis  represent  the  95X  confidence  interval  about  the 
mean. 

*  Mean  was  statistically  greater  than  the  assumed  Receiving  Water  Limitation 
standard. 

#  Mean  was  statistically  greater  than  the  assumed  Effluent  Limitation 
standard. 

@  Mean  was  statistically  greater  than  the  assumed  USEPA  Fresh  Water  Acute 
Criteria. 

$  Mean  was  statistically  greater  than  the  assumed  US'"”*  Marine  Water 
Criteria. 

**  Mean  was  not  statistically  different  than  RO  water  used  for  the  simulated 
rainfall  test. 
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statistically  different  than  concentrations  in  the  RO  water.  Concentrations 
of  heavy  metals  were  compared  to  the  assumed  EPA  Fresh  and  Marine  Acute  Maxi¬ 
mum  Criteria  for  the  Protection  of  Marine  Aquatic  Life,  and  to  the  assumed 
Effluent  and  Receiving  Water  Limitation  standards  issued  for  the  Port  of  Oak¬ 
land's  permit  application.  Concentrations  of  arsenic  cadmium,  chromium,  cop¬ 
per,  and  zinc  in  vmfiltered  samples  were  statistically  greater  than  at  least 
one  of  the  criteria  and  copper  and  zinc  were  statistically  greater  than  all  of 
the  assumed  criteria  or  standards.  Only  arsenic  concentrations  were  statisti¬ 
cally  greater  than  one  criteria  or  standards  for  filtered  runoff  samples. 

Concentrations  of  tributyltin  were  statistically  higher  in  unfiltered 
runoff  samples  than  in  filtered  samples  (Table  IV-4) .  Concentrations  of  all 
the  butyltins  in  filtered  samples  were  either  less  than  the  detection  limits 
or  were  not  statistically  greater  than  concentrations  in  RO  water  samples. 
Water  quality  criteria  were  available  only  for  Tributyltin,  and  only  the 
(anaerobic  unfiltered  and  filtered  runoff)  samples  were  statistically  greater 
than  the  assumed  receiving  water  standard. 


Table  IV-4 

Surface  Runoff  Water  Quality  From  Santa  Fe  Sediments  Butvltins 


Wet 

Drv 

Parameter 

Unfiltered 

Filtered 

Unfiltered 

Filtered 

Tetrabutyltin 

(ng/L) 

5,31  ** 

(3.72-7.58) 

<5.00  ** 

1.81  ** 
(1.40-2.84) 

1.64  ** 

(1.21-2.23) 

Tributyltin 

(ng/L) 

80.6 

(71.7-90.6) 

32.3  ** 

(29.2-35.8) 

9.69  ** 

(8.76-10.7) 

1.91  ** 

(1.73-2.12) 

Dibutyltin 

(ng/L) 

39.4 

(24.4-63.7) 

5.69  ** 

(3.75-8.63) 

13.1 

(8.61-19.8) 

1.66  ** 
(1.10-2.52) 

Monobutyl tin 
(ng/L) 

12.3  ** 

(3.02-10.5) 

<6.00  ** 
(1.28-4.49) 

15.5  ** 

(7.28-24.1) 

8.55  ** 

(2.85-11.1) 

+  Numbers  in  parenthesis  represent  the  95X  confidence  interval  about  the 
mean. 

*  Mean  was  statistically  greater  than  the  assumed  Receiving  Water  Limitation 
standard. 

//  Mean  was  statistically  greater  than  the  assumed  Effluent  Limitation 
s  tandard . 

**  Mean  was  not  statistically  different  than  RO  water  used  for  the  simulated 
rainfall  test. 
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Only  the  pesticides  4.4-DDE,  4,4-DDD,  4,4-DDT.  and  Dieldrin  were  above 
detection  limits  in  runoff  samples  from  the  wet,  unoxidized  sediment 
(Table  IV-5).  Concentrations  in  filtered  samples  were  not  statistically  dif¬ 
ferent  than  concentrations  in  unfiltered  samples.  USEPA  water  quality  cri¬ 
teria  were  available  for  4,4-DDE,  4,4-DDT  and  Dieldrin,  but  only  4,4-DDT 
exceeded  the  assumed  EPA  acute  criteria  for  marine  environments . 

Many  of  the  PAH  parameters  that  surface  runoff  samples  were  analyzed  for 
were  greater  than  the  detection  limits  (Table  IV-6).  In  most  cases  concentra¬ 
tions  were  statistically  greater  in  the  filtered  samples  than  in  the  unfil¬ 
tered  samples.  Unfiltered  samples  with  high  concentrations  of  suspended  solids 
have  more  interferences  and  lower  recovery  rates  during  the  analytical  process 
which  causes  concentrations  to  appear  lower  than  in  filtered  samples.  No 
parameter  concentrations  in  either  unflltered  or  filtered  samples  exceeded  any 
of  the  assumed  water  quality  criteria  or  standards. 

Dry,  oxidized  surface  runoff  test 

Concentrations  of  suspended  solids  in  runoff  samples  from  the  dry, 
oxidized  tests  were  statistically  less  than  concentrations  in  samples  from  the 
wet,  unoxidlzed  tests  (Table  IV-2),  The  pH  of  runoff  samples  from  the  diry, 
oxidized  tests  were  not  statistically  different  than  samples  from  the  wet, 
unoxidlzed  tests.  Electrical  conductivity  in  samples  from  the  dry,  oxidized 
tests  were  statistically  higher  than  in  samples  from  the  wet,  unoxidlzed 
tests. 

Unfiltered  heavy  metal  concentrations  in  runoff  from  the  dry,  oxidized 
sediments  were  not  statistically  different  than  unfiltered  concentrations  from 
the  wet,  unoxidlzed  tests  (Table  IV-3).  Filtered  concentrations  were  statis¬ 
tically  less  than  unfiltered  concentrations  from  the  dry,  oxidized  sediment 
but  were  not  statistically  different  than  filtered  concentrations  in  runoff 
from  the  wet,  unoxidlzed  sediment.  Arsenic,  cadmium,  chromium,  copper,  and 
zinc  unfiltered  concentrations  in  mnoff  samples  collected  from  the  dry,  oxi¬ 
dized  sediment  were  statistically  greater  than  at  least  one  of  the  assumed 
water  quality  criteria  or  standards,  but  only  arsenic  was  statistically 
greater  than  any  of  the  assumed  criteria  or  standards  for  filtered  samples. 
Filtered  concentrations  of  silver,  chromium,  copper,  and  lead  were  not  statis¬ 
tically  different  than  the  RO  water. 

Unfiltered  butyltin  concentrations  from  the  dry,  oxidized  sediment  run¬ 
off  samples  were  statistically  less  in  samples  collected  from  the  wet,  unoxi- 
dized  sediment  (Table  IV-4) .  No  butyltin  concentrations  in  filtered 
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Table  IV- 5 

Surface  Runoff  Water  OualltTL  From  Santa  Fe-Sedlmentg 
Pesticides  (ua/1) 


Ji££ _  _ Cel 


Parameter 

Unfiltered 

Filtered 

Unflltered 

Filtered 

Aldrin 

<0.06  ★* 

<0.06  ** 

<0.06 

** 

<0.06 

** 

A-BHC 

<0,06  ★* 

<0.06  ** 

<0.06 

★* 

<0.06 

** 

B-BHC 

<0.06  ** 

<0.06  ** 

<0.06 

** 

<0.06 

D-BHC 

<0.06  ** 

<0.06  ** 

<0.06 

<0.06 

** 

Chlordane 

<0.06  ** 

<0.06  ★* 

<0.06 

frk 

<0.06 

** 

4,4-DDE 

0.22 

0.26 

<0.06 

<0.06 

(0.18-0.27) 

(0.22-0.32) 

4,4-DDD 

1.52 

1.69 

<0.06 

<0.06 

(1.11-2.07) 

(1.24-2.31) 

4, 4 -DDT 

0.40 

1.12 

0.08 

** 

<0.06 

(0.22-0.72) 

(0.62-2.00) 

(0.05-0.15) 

Dieldrin 

0.09  ** 

<0.06 

<0.06 

<0.06 

(0.06-0.13) 

Endosulfan  I 

<0.06  ** 

<0,06  ** 

<0.06 

irk 

<0.06 

** 

Endosulfan  II 

<0.06  ** 

<0.06  ** 

<0.06 

** 

<0.06 

★* 

Endosulfan  Sulfate 

<0.06  ** 

<0.06  ** 

<0.06 

** 

<0.06 

★* 

Endrin 

<0.06  ** 

<0.06  ** 

<0.06 

** 

<0,06 

** 

Endrin  Aldehyde 

<0.06  ** 

<0.06  ** 

<0.06 

★★ 

<0,06 

** 

Heptachlor 

<0.06  ** 

<0.06  ** 

<0.06 

<0.06 

itit 

Heptachlor  Epoxide 

<0.06  ** 

<0.06  ** 

<0.06 

** 

<0.06 

** 

Lindane 

<0.06  ** 

<0.06  ** 

<0.06 

** 

<0.06 

irk 

Toxaphene 

vO.6  ** 

<0.6  ** 

<0.6 

<0.6 

** 

Methoxychlor 

<0.12  ** 

<0.12  ** 

<0.12 

** 

<0.12 

Endrin  Ketone 

<0.06  ** 

<0.06  ** 

<0,06 

** 

<0.06 

+  Numbers  In  parenthesis  represent  the  9SZ  confidence  Interval  about  the 
mean. 

*  Mean  was  statistically  greater  than  the  assumed  Receiving  Water  Limitation 
standard. 

y/  Mean  was  statistically  greater  than  the  assumed  Effluent  Limitation 
standard. 

0  Mean  was  statistically  greater  than  the  assumed  USEPA  Fresh  Water  Acute 
Criteria. 

$  Mean  was  statistically  greater  than  the  assumed  USEPA  Marine  Water 
Criteria. 

**  Mean  was  not  statistically  different  than  RO  water  used  for  the  simulated 
rainfall  test. 
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Table  IV- 6 

Surface  Runoff  Water  Quality  From  Santa  Fe  SesIlmenSs 

PAHs  fuE/1) 


_  _ to 


Parameter 

Unfiltered 

Filtered 

Unfilcered 

Filtered 

Naphthalene 

<A9 

<48 

53.3 

(44.7-51.4) 

51.4 

(42.0-62.9) 

Acenaphthylene 

<7.5 

<7.2 

<28.6 

<10 

Acenaphthylene 

<19 

<18 

<28.6 

<10 

Fluorene 

<15 

<14 

13.9 

(10.8-18.0) 

10.5 

(7.84-14.1) 

Phenanthrene 

21.6 

(16.2-28.8) 

46.3 

(34.7-61.8) 

32.6 

(24.4-43.5) 

29.1 

(20.9-40.7) 

Anthracene 

7.81 

(5.47-11.1) 

14.0 

(9.83-20.0) 

<28.6 

<10 

Fluoranthene 

18.3 

(12.5-26.9) 

49.8 

(33.9-73.0) 

31.1 

(21.2-45.6) 

10.8 

(6.93-16.8) 

Pyrene 

41.6 

(27.5-63.0) 

110 

(72.9-167) 

58.5 

(38.7-88.5) 

16.9 

(10.5-27.3) 

Benzo  (A) 
Anthracene 

12.4 

(7.72-20.0) 

34.0 

(21.1-54.6) 

15.7 

(9.78-25.3) 

<10 

Chrysene 

9.61 

(5.56-16.6) 

29.1 

(16.8-50.4) 

22.0 

(12.7-38.1) 

<10 

Benzo  (K.,B) 
Fluoranthene 

64.3 

(39.1-106) 

189 

(115-311) 

65.0 

(39.6-107) 

<20 

Benzo  (A) 

Pyrene 

24.5 

(14.5-41.6) 

80.9 

(47.7-137) 

28.1 

(16.6-47.7) 

<10 

Indeno  (1,2,3- 
c , d)  Pyrene 

10.0 

(6.32-16.0) 

34.8 

(21.9-55.3) 

20.7 

(13.0-32.8) 

<10 

Dibenzo  (a,j) 
Anthracene 

<6.9 

6.63 

(4.82-9.11) 

<28.6 

<10 

Benzo  (g,h,i) 
Perylene 

10.5 

(4.91-22.3) 

42.2 

(19.8-90.0) 

26.2 

(12.3-55.8) 

<10 

4-  Numbers  in  parenthesis  represent  the  95Z  confidence  Interval  about  the 
mean. 

*  Mean  was  statistically  greater  than  the  assumed  Receiving  Wacer  Limitation 
standard. 

fji  Mean  was  statistically  greater  than  the  assumed  Effluent  Limitation 
standard. 

@  Mean  was  statistically  greater  than  the  assumed  USEPA  Fresh  Water  Acute 
Criteria. 

$  Mean  was  statistically  greater  than  the  assumed  USEPA  Marine  Water 
Criteria. 
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runoff  were  statistically  different  than  the  RO  water.  No  butyltin  concentra¬ 
tions  in  samples  from  the  dry,  oxidized  sediments  were  statistically  different 
than  any  of  the  water  quality  criteria  or  standards. Pesticide  concentrations 
in  surface  runoff  samples  from  the  dry,  oxidized  sediment  were  statistically 
less  than  concentrations  in  samples  from  the  wet,  unoxidized  sediment 
(Table  IV-5).  Only  4,4-DDT  concentrations  in  unflltered  mnoff  samples  were 
above  the  detection  limits  but  was  less  than  any  of  the  assumed  criteria  or 
standards. 

Concentrations  of  PAHs  in  unflltered  surface  runoff  samples  from  the 
dry,  oxidized  sediment  were  generally  not  statistically  different  than  concen¬ 
trations  in  unfiltered  samples  from  the  wet,  unoxidized  sediment  (Table  lV-6). 
Concentrations  of  PAHs  in  filtered  samples  were  statistically  less  after  dry¬ 
ing  and  oxidation,  and  were  usually  less  than  the  detection  limits.  No  sur¬ 
face  runoff  samples  from  the  dry  oxidized  sediment  exceeded  any  assumed  water 
quality  criteria  or  standards. 


Discussion 

Some  changes  did  occur  In  the  sediment  during  the  drying  and  oxidation 
process,  which  significantly  affected  surface  runoff  water  quality.  The  ero- 
sivity  of  the  sediment  was  statistically  reduced  from  6240  mg/1  to  2130  mg/1, 
however  2130  mg/1  indicates  the  sediment  was  still  highly  erosive  after  drying 
and  oxidation.  Unlike  most  other  sediment  tested  by  the  WES,  surface  runoff 
pH  levels  were  not  significantly  changed  after  the  sediment  had  dried  and 
oxidized.  Electrical  conductivity  was  statistically  higher  after  drying,  and 
oxidation.  The  values  were  however  not  practically  or  significantly  different, 
and  the  concentrations  were  relatively  low  compared  to  many  marine  sediments. 

Concentrations  of  heavy  metals  in  surface  runoff  were  highest  in  unfil¬ 
tered  samples  collected  from  the  wet,  unoxidized  sediments,  and  except  for 
arsenic  were  mostly  Insoluble  and  bound  to  the  suspended  solids  during  the 
wet,  unoxidlzed  stage  of  the  sediments.  Silver  and  mercury  concentrations 
were  close  to  or  less  than  the  detection  limits  where  analytical  variability 
was  relatively  high  and  statistical  differences  not  detected.  Tributyltln 
concentrations  were  highest  in  the  unflltered  runoff  from  the  wet,  unoxidlzed 
sediment,  and  pesticides  and  PAHs  were  highest  in  filtered  samples  from  the 
wet,  unoxidlzed  sediment. 
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Drying  and  oxidation,  mostly  reduced  concentrations  of  contaminants  in 
surface  runoff.  Total  heavy  metal  concentrations  were  statistically  reduced 
because  of  the  decrease  in  erosivity  of  the  sediment.  Unlike  many  sediments 
tested  at  the  WES  heavy  metals  such  as  cadmlvim,  copper,  lead,  and  zinc  did  not 

become  statistically  more  soluble;  but  remained  associated  mostly  with  the 

particulates  in  surface  runoff.  Total  and  soluble  butyltlns,  pesticides,  and 
PAHs  were  significantly  less  after  drying,  and  oxidation,  and  soluble  concen¬ 
trations  were  mostly  less  than  or  near  detection  limits. 

Contaminant  concentrations  that  exceed  water  quality  criteria  or  stan¬ 
dards  were  mostly  total  concentrations  or  contaminants  associated  with  partic¬ 
ulates  in  surface  runoff  (Table  IV-7).  Arsenic  was  the  only  contaminant  from 

either  the  wet,  \moxidized  sediment  or  the  dry,  oxidized  sediment  with  a  solu¬ 

ble  concentration  that  exceeded  any  of  the  assumed  water  quality  criteria  or 
standard.  Soluble  arsenic  exceeded  the  assumed  Receiving  Water  Limitation 
standards  by  about  7  ug/1. 


Table  IV-7 

Surface  Runoff  Contaminants  Exceeding 
Assumed  Water  Quality  Criteria 


Test 

USEFA 

Marine  Acute 
Criteria 

USEPA 

Fresh  Acute 
Criteria 

Effluent 

Limitation 

Receiving 

Water 

Limitation 

Unfiltered, 

Wet,  Unoxidized 

Copper 

Zinc 

4,4-DDT 

Chromium 

Copper 

Zinc 

Cadmium 

Chromium 

Copper 

Zinc 

Arsenic 

Cadmium 

Chromium 

Copper 

Zinc 

Trlbutyltin 

Filtered, 

Wet,  Unoxidized 

4,4-DDT 

none 

none 

Arsenic 

Unfiltered, 

Dry,  Oxidized 

Copper 

Zinc 

Chromium 

Copper 

Chromium 

Copper 

Zinc 

Arsenic 

Cadmium 

Chromium 

Copper 

Filtered, 

none 

none 

none 

Arsenic 

Dry,  Oxidized 


55 


Biological  Evaluation 

Aquatic  bioassay  tests  were  perfomed  on  whole,  vmflltered  water  samples 
obtained  from  the  WES  rainfall  simulator.  This  system  provides  replicate 
water  samples  on  consecutive  days  for  chemical  analyses.  For  these  bloassays, 
gallon  samples  from  three  days  were  composited  and  tested  as  one  composited 
runoff  sample.  Samples  generally  were  clear  liquid  with  a  0.5  cm  layer  of 
grey  sediment  at  the  bottom  of  the  jar.  ISiis  sediment  was  resuspended  to  the 
water  column  prior  to  the  bloassay  tests.  Salinity  of  the  runoff  samples  was 
very  low,  0  to  1  parts  per  thousand  (ppt) .  Bloassays  were  conducted  at  one 
salinity,  24  ppt,  by  using  a  small  volume  of  high  salinity  (80  ppt)  laboratory 
water  to  adjust  the  runoff  sample. 

Test  species  were  the  Pacific  oysld,  Neomvsls  mercedes  and  Daohnla 
magna.  Animals  were  exposed  to  different  percentages  of  unflltered  water 
samples  for  96  hours  in  a  temperature-controlled  environmental  chamber.  Test 
temperatures  were  18-20  degrees  C  and  photoperiod  was  14:10  hours  L:D.  Test 
chambers  were  one  liter  beakers,  each  containing  800  ml  of  test  water  and 
10  test  animals;  there  were  five  replicate  beakers  for  each  test  treatment. 
Suspended  sediment  was  allowed  to  settle  during  the  bioassay.  Controls  were 
exposed  to  clean  laboratory  water  used  to  hold  and  culture  the  Neomvsls .  This 
water  was  also  used  to  dilute  the  runoff  water  when  necessary.  For  example,  a 
50  X  beaker  contained  400  ml  of  runoff  water  and  400  ml  of  clean  culture  water 
of  the  proper  salinity.  Test  animals  were  observed  during  the  tests  but 
actual  counts  of  each  beaker  were  only  possible  at  the  end  of  the  96-hour  test 
period.  Dissolved  oxygen  concentrations  in  the  beakers  were  normally  greater 
than  6  parts  per  million  (ppm)  and  at  times  were  measured  as  high  as  12-14  ppm 
due  to  algae  growth.  The  pH  levels  of  the  test  waters  were  in  the  normal 
range  for  saltwater,  7.6  -  8.4.  All  bloassays  were  started  within  3  days 
after  water  samples  were  obtained.  Samples  were  held  under  refrigeration 
while  waiting  for  the  next  days  sample  or  while  animals  and  test  equipment 
were  being  prepared. 


Results  and  Discussion 

Table  IV- 8  shows  percent  survival  of  Neomvsls  exposed  to  different  con¬ 
centrations  of  runoff  water  from  Initial,  wet  sediment,  compared  to  controls. 
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Table  IV- 8 


Data  are  for  the  Neonrysis  at  24  ppt  salinity.  Table  IV-9  shows  Daohnla 
bloassays  of  dry  (after  six  months)  sediment  runoff  water. 

Exposure  of  these  sensitive  test  animals  to  Santa  Fe  channel  sediment 
runoff  water  showed  little  potential  for  aquatic  toxicity.  Mean  survival  was 
usually  greater  than  90  percent  for  all  treatments,  even  for  animals  exposed 
to  100  percent  runoff  water.  The  Daohnla.  in  some  cases,  showed  evidence  that 
fine  sediment  particles  were  attaching  to  their  bodies  and  physically  affect¬ 
ing  them.  Fine  sediment  particles  may  have  made  It  more  difficult  for  them  to 
swim  normally.  This  was  more  likely  to  occur  during  the  dry  sediment  (after 
six  months)  bloassays  of  the  Daphnia.  The  data  from  these  bloassays  do  not, 
in  any  way,  indicate  any  potential  for  aquatic  toxicity  associated  with  this 
runoff  water. 
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Table  IV -9 

Percent  Survival  of  Daphnia  acm)S^d (  After  Six  Months) 
Santa  Fe  Channel  Sediment  Runoff  water  for  96-hoMM 


Treatment 

Percent  Survival 

Controls 

1 

100 

2 

- 

100 

3 

- 

100 

4 

- 

100 

5 

- 

100 

50* 

1 

100 

2 

• 

90 

3 

- 

100 

4 

- 

90 

lOOX 

1 

- 

90 

2 

- 

100 

3 

- 

100 

4 

- 

100 

Surface  Runoff  Impacts  and  Controls 

Contaminants  In  surface  runoff  from  the  Santa  Fe  channel  sediments  were 
mostly  bound  to  the  sediment  particulates.  Significant  quantities  of  arsenic, 
cadmium,  chromium,  copper,  zinc,  trlbutyltln,  and  4,4-DDT  could  be  eroded  from 
an  upland  disposal  site  during  the  wet,  unoxidlzed  stage  If  the  suspended 
solids  were  not  removed  from  the  runoff.  Only  arsenic  exceeded  any  of  the 
assumed  criteria  or  standards  for  soluble  contaminants.  Potential  surface 
rtmoff  water  quality  problems  during  the  wet,  unoxidlzed  period  of  upland 
disposal  would  therefore  be  mostly  associated  with  erosion  of  particulates. 
Management  of  the  upland  disposal  site  to  remove  particulates  from  surface 
irunoff,  would  remove  90  to  99  percent  of  all  contaminants  In  surface  runoff. 

A  very  small  mixing  zone  ratio  of  3  to  1  would  be  required  to  dilute  soluble 
arsenic  to  the  assumed  Receiving  Vater  Quality  Limitation  standard. 

Potential  problems  in  surface  runoff  from  dry,  oxidized  sediments  are 
similar  to  those  In  surface  runoff  from  the  wet,  unoxidlzed  sediment.  Again 
only  soluble  arsenic  exceeded  the  assumed  Receiving  Water  Quality  Limitation 
standard  In  both  sediments.  Consideration  of  a  small  mixing  zone  and  removal 
of  the  suspended  solids  should  eliminate  the  need  for  further  restrictions 
particularly  with  regard  to  treatment  of  soluble  contaminants,  A  mixing  zone 
of  less  than  10  to  1  would  be  required  to  dilute  unflltered  contaminant 
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concentrations  to  less  than  or  equal  to  the  strictest  assuned  criteria  or 
standard,  and  a  mixing  zone  of  about  3  to  1  would  be  required  for  soluble 
arsenic . 
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PART  V:  LEACHATE  TEST 


Methods  and  Materials 

Oxidized  sediment  preparation 

The  sediment  used  in  aerobic  testing  was  first  placed  into  38-1  glass 
aquarixims  to  a  depth  of  approximately  6  cm.  The  sediment  was  allowed  to  oxi¬ 
dize  at  ambient  temperature.  Each  week  the  sediment  was  thoroughly  mixed  to 
expose  fresh  sediment  surfaces  to  the  air.  Uhen  necessary,  deoxygenated  dis¬ 
tilled-  deionized  (DDI)  water  was  added  to  the  sediment  to  maintain  the  origi¬ 
nal  moisture  condition.  At  the  end  of  six  months,  the  sediment  was  again 
thoroughly  mixed  before  being  used  in  testing. 

Kinetic  batch  testing 

Batch  testing  was  performed  to  determine  shaking  time  necessary  to 
achieve  equilibrium  or  steady-state  conditions  for  metals,  pesticides,  F.  Hs, 
and  butyltln  leachate  concentrations.  The  general  experimental  sequence  is 
presented  in  Table  V-1. 

For  testing  metal  releases  from  anaerobic  Santa  Fe  Channel  sediment, 
triplicate  250-ml  polycarbonate  centrifuge  tubes  fitted  with  a  leakproof, 
airtight  top  were  loaded  with  200  g  of  sediment  and  deoxygenated  distilled- 
deionized  (DDI)  water  at  a  4:1  water -to -sediment  dry  weight  ratio.  All  opera¬ 
tions  were  conducted  in  a  glove  box  under  a  nitrogen  atmosphere  (Figure  V-1). 
Nineteen  centrifuge  tubes  were  loaded  to  allow  triplicate  sampling  at  6  hrs, 
and  at  1,  2,  3,  7,  and  10  days  and  a  procedure  blank.  Samples  were  placed 
horizontally  on  a  reciprocating  shaker  at  160  strokes  per  minute  (spm)  for  the 
allotted  time.  Three  tubes  were  removed  from  the  shaker  and  centrifuged  at 
9,000  rpm  (13,000  x  g)  for  30  minutes.  The  supernatant  was  filtered  under  a 
nitrogen  atmosphere  through  0.45 -urn  meodirane  filters  (  Figure  V-2).  The  fil¬ 
trate  was  acidified  to  pH  1  with  concentrated  Ultrex  nitric  acid  and  stored  in 
plastic  bottles  until  analyzed. 

Kinetic  testing  for  tributyltin,  pesticides,  and  FAHs  in  anaerobic  Santa 
Fe  Channel  sediment  was  conducted  in  specially  fabricated  4S0-ml  stainless 
steel  centrifuge  tubes  (Figure  V-3).  Twenty-one  centrifuge  tubes  (sufficient 
for  three  replicates),  double-rinsed  with  acetone,  were  loaded  with  sufficient 
sediment  and  deoxygenated  DDI  water  to  obtain  a  4:1  water -to -sediment  dry 
weight  ratio.  The  total  mass  (approximately  350  g)  of  sediment  and  water  was 
adjusted  to  allow  the  tube  to  be  safely  centrifuged  at  6,200  rpm  (6,500  x  g) . 
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Table  V-1 


Experimental  Sequence  for  Pet ermining  Appropriate  ShaklnE  Times 


Step  1  PLACE  SEDIMENT  IN  APPROPRIATE  CENTRIFUGE  TUBE  (STAINLESS  STEEL  OR 
POLYCARBONATE),  ADD  SUFFICIENT  DEOXYGENATED- DISTILLED  WATER  TO 
MAINTAIN  WATER-TO- SEDIMENT  RATIO  OF  4:1. 


Step  2  PLACE  CENTRIFUGE  TUBES  FOR  METALS  ON  RECIPROCATING  SHAKER  AND  SHAKE 
AT  160  CYCLES  PER  MINUTE.  PLACE  CENTRIFUGE  TUBES  FOR  TRIBUTYLTIN, 
PESTICIDES,  AND  PAHs  IN  ROTARY  MIXER  AND  TURN  AT  40  REVOLUTIONS  PER 
MINUTE. 


Step  3  REMOVE  TUBES  (ENOUGH  FOR  TRIPLICATE  SAMPLES)  FROM  SHAKER  AT 
APPROPRIATE  INTERVALS:  1,  2,  AND  7  DAYS  FOR  TRIBUTYLTIN, 
PESTICIDES,  AND  PAHs  AND  6  HR,  1,  2,  3,  7,  AND  10  DAYS  FOR  METALS. 


Step  4  CENTRIFUGE  FOR  30  MINUTES  AT  6,500  X  g  FOR  TRIBUTYLTIN,  PESTICIDES, 
AND  PAHs  AND  13,000  x  g  FOR  METALS. 


Step  5  FILTER  CENTRIFUGED  LEACHATE  THROUGH  A  0.45 -tun  PORE  SIZE  MEMBRANE 

FILTER  FOR  METALS,  AND  THROUGH  A  WHATMAN  GF/D  GLASS-FIBER  PREFILTER 
AND  A  GELMAN  AE  GLASS-FIBER  FILTER  WITH  A  1-um  NOMINAL  PORE  SIZE  FOR 
TRIBUTYLTIN,  PESTICIDES,  AND  PAHs. 


Step  6  ACIDIFY  LEACHATE  FOR  METALS  AND  PAH  ANALYSIS  WITH  ULTREX  NITRIC  ACID. 
STORE  SAMPLES  FOR  ANALYSIS  OF  TRIBUTYLTIN,  PESTICIDES,  AND  PAHs  IN 
GLASS  BOTTLES  AND  FREEZE  UNTIL  ANALYSIS.  STORE  LEACHATE  FOR  METALS 
ANALYSIS  IN  PLASTIC  BOTTLES. 


All  operations  were  conducted  under  a  nitrogen  atmosphere.  The  tubes  were 
placed  in  a  rotary  tumbler  and  turned  end  over  end  at  40  rpm  for  periods  of  1, 
2,  and  7  days.  At  the  appointed  times,  the  samples  were  removed  from  the 
tumbler  and  centrifuged  for  30  min.  Resulting  supernatants  were  filtered 
through  a  Whatman  GF/D  prefilter  and  a  Gelman  AE  filter  with  a  nominal  pore 
size  of  1.0  urn.  The  filters  (Whatman  GF/D  prefilters  and  Gelman  AE  filters) 
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Figure  V-1.  Anaerobic  sediments  were  processed 
under  a  nitrogen  atmosphere  In  a  glove  box 

are  binderless  glass -fiber  and  contain  no  detectable  organic  contaminants.  As 
a  further  precaution  against  contamination,  the  filters  used  In  this  study 
were  combusted  at  400  "C  prior  to  use.  Filtration  was  conducted  under  a 
nitrogen  atmosphere;  samples  for  tributyltin  were  frozen  Immediately  in  ace¬ 
tone-rinsed  2-1  glass  bottles  until  analyzed.  Samples  for  pesticides  and  PAHs 
were  acidified  with  Ultrex  nitric  acid  and  stored  in  acetone -rinsed  2-1  glass 
bottles  at  4  ®C  until  analyzed. 

Sequential  batch  testing 

A  4:1  water-to-sedlment  ratio  and  a  shaking  time  of  24  hr  were  used  in 
the  sequential  batch  leach  tests  for  Santa  Fe  Channel  sediment.  General  test 
procedures  for  assessing  steady-state  leachate  and  sediment  metal,  pesticide, 
PAH  and  tributyltin  concentrations  are  detailed  in  Table  V-2.  Sequential 
batch  tests  for  metals  under  anaerobic  conditions  were  conducted  in  triplicate 
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Figure  V-2.  Filtering  of  anaerobic  sediment  leachates  are 
performed  in  a  nitrogen  atmosphere 


Figure  V-3.  Centrifuge  tubes  with  anaerobic  sediment  are 
stored  under  a  nitrogen  atmosphere 
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Table  V-2 


Test  Sequence  for  Sequential  Batch  Leachlnp  of  Anaerobic  Santa  Fe 
Channel  Sediment  for  Metals.  Pesticides.  PAHs.  and  Tributyltin 


Step  1  LX)AD  SEDIMENT  INTO  APPROPRIATE  CENTRIFUGE  TUBES;  250-ML 

POLYCARBONATE  FOR  METALS  AND  450-ML  STAINLESS  STEEL  FOR  TRIBUTYLTIN, 
PESTICIDES,  AND  PAHs.  ADD  SUFFICIENT  WATER  TO  EACH  TUBE  TO  BRING 
FINAL  WATER -TO -SEDIMENT  RATIO  TO  4:1.  LOAD  SUFFICIENT  NUMBER  OF 
STAINLESS  STEEL  TUBES  TO  OBTAIN  SUFFICIENT  LEACHATE  FOR  ANALYSIS. 


Step  2  GO  THROUGH  STEP  2  IN  TABLE  V-1. 


Step  3  CENTRIFUGE  FOR  30  MIN  AT  6,500  x  g  FOR  TRIBUTYLTIN,  PESTICIDES,  AND 
PAHs  AND  13,000  x  g  FOR  METALS. 


Step  4  FILTER  LEACHATE  THROUGH  0.45-UM  MEMBRANE  FILTERS  FOR  METALS  OR 

THROUGH  WHATMAN  GD/F  GLASS -FIBER  PREFILTERS  FOLLOWED  BY  GELMAN  AE 
GLASS -FIBER  FILTERS  OF  1.0-UM  NOMINAL  PORE  SIZE  FOR  TRIBUTYLTIN, 
PESTICIDES ,  AND  PAHs .  SET  ASIDE  A  SMALL  AMOUNT  OF  LEACHATE  PRIOR  TO 
ACIDIFICATION  FOR  ANALYSIS  OF  pH,  CONDUCTIVITY,  AND  TOC. 


Step  5  RETURN  TO  STEP  2  AFTER  REPLACING  LEACHATE  WITH  DEOXYGENATED-DISTILLED 
WATER.  REPEAT  THE  ENTIRE  PROCEDURE  THE  DESIRED  NUMBER  OF  TIMES. 


Notes:  Testing  sequence  is  the  same  for  aerobic  sediments  except 
that  anaerobic  integrity  is  not  maintained. 


250-ml  polycarbonate  centrifuge  bottles  with  leakproof  caps.  Each  centrifuge 
tube  was  loaded  under  a  nitrogen  atmosphere  with  anaerobic  Santa  Fe  Channel 
sediment  and  deoxygenated  DDI  water  to  a  4:1  water- to- sediment  ratio.  Tubes 
were  mechanically  shaken  for  24  hr  and  centrifuged  at  13,000  x  g  for  30  min. 
Most  of  the  leachate  from  each  250-ml  centrifuge  bottle  was  filtered  through  a 
0.45-um  membrane  filter.  The  unfiltered  leachate  was  analyzed  for  pH  using  a 
combination  electrode  and  a  millivolt  meter  and  for  conductivity  using  a  Yel¬ 
low  Springs  Instrument  Company  conductivity  meter  and  cell.  Fresh 
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deoxygenated  DDI  water  was  added  to  replace  the  leachate  removed  for  analysis. 
The  procedure  described  above  for  sequentially  contacting  anaerobic  Santa  Fe 
Channel  sediment  with  clean  wat'r  was  repeated  seven  times.  The  same  general 
procedure  was  repeated  for  aerobic  batch  leach  tests  for  metals,  except  that 
anaerobic  conditions  were  not  maintained. 

Testing  of  Santa  Fe  Channel  sediment  for  butyltin  compounds,  pestlcif^es, 
and  PAHs  was  conducted  as  described  for  metals  except  that  4S0-ml  stainless 
steel  centrifuge  tubes  were  used.  Filtration  procedures  used  for  butyltin 
compounds,  pesticides,  and  PAHs  were  as  previously  described  for  kinetic  batch 
testing  of  these  parameters.  A  subsample  of  filtered  leachate  was  set  aside 
from  both  the  anaerobic  and  aerobic  tests  for  analysis  of  total  organic  car¬ 
bon.  After  each  cycle,  the  sediment  was  remixed  with  DDI  water,  shaken  for 
24  hr,  and  then  processed  as  previously  described.  Three  replicates  were 
taken  through  six  leach  cycles  for  the  anaerobic  and  aerobic  testing. 

Col-Jmn  leach  testine 

Column  leach  tests  were  conducted  in  large  diameter -to -length  columns 
designed  specifically  for  sediment  and  dredged  material  leaching  (Figure  V-4) . 
The  apparatus  was  designed  to  simulate  anaerobic  leaching  of  dredged  material 
in  a  continuous  flow  mode,  minimize  wall  effects,  hold  pore  water  velocities 
to  less  than  10'®  cm/sec,  elute  10  or  more  pore  volumes  in  six  months,  and 
produce  sufficient  sample  volume  for  chemical  analysis  of  fractional  pore 
volume  samples.  Design  of  a  leaching  colxum  with  these  performance  character¬ 
istics  for  sediments  with  low  hydraulic  conductivities  was  described  by  Kyers, 
Gambrell,  and  Tittlebaum  (1991). 

Sediment  was  placed  in  leaching  columns  at  in- situ  water  content  in 
small  increments,  and  manually  vibrated  with  a  spatula  to  eliminate  air  voids. 
Since  the  water  content  of  the  sediment  was  high,  the  sediment  was  easily 
worked  using  manual  vibration  techniques.  Water  content  and  specific  gravity 
were  determined  according  to  methods  described  in  Corps  of  Engineers  (1970) . 
These  data  were  used  to  calculate  sediment  porosity.  After  the  columns  were 
filled,  dlstllled-deionized  water  was  pumped  in  upflow  mode  through  the  col¬ 
umns  with  a  constant  volume  pump. 

Separate  column  leach  tests  were  run  for  metals  and  organic  contaminant 
analysis  because  of  the  differences  in  sample  volumes  needed  to  conduct  metal 
analysis  (approximately  100  ml)  and  organic  analysis  (approximately  1000  ml) 
and  different  preservation  techniques  required.  Columm  leach  tests  were  con¬ 
ducted  in  triplicate  for  metals.  Single  columns  were  run  for  pesticides. 
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Figure  V>4.  Dredged  material  leaching  column 

PAHs,  and  tributyltin  because  separate,  one  liter  samples  were  needed  for 
analysis  of  each  of  these  parameters.  For  each  column  leachate  sample  col¬ 
lected,  the  volume  of  leachate  and  time  of  collection  were  recorded.  As 
leachate  from  columns  conducted  for  metals  was  collected,  pH  was  adjusted  to 
less  than  2  using  Ultrex  nitric  acid.  Samples  collected  for  metal  analysis 
were  split  for  metal  and  total  organic  carbon  analysis.  Leachates  for  PAH, 
pesticide,  and  tributyltin  analysis  were  collected  in  amber,  acetone  rinsed, 
glass  jars.  Leachates  from  columns  conducted  for  organics  were  not  pH 
adjusted  or  otherwise  altered.  After  each  leachate  sample  for  chemical 
(metals  or  organics)  analysis  was  collected,  an  additional  sample  of  IS  to 
20  ml  was  collected  and  analyzed  for  pH  and  electrical  conductivity. 

Chemical  analysis 

Leachate  and  sediment  samples  were  analyzed  by  Battelle  Northwest  for 
tetrabutyltin  (TETBT) ,  tributyltin  (TBT) ,  dibutyltin  (DBT) ,  monobutyltin 
(MBT) ,  naphthalene,  acenaphthylene,  acenaphthene ,  fluorene,  phenanthrene , 
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anthracene,  fluoranthene,  pyrene  benzo( a) -Anthracene,  chrysene,  benzo(b)  + 
benzo(k) -fluoranthene,  benzo (a) -pyrene,  indeno-(l, 2, 3-cd) -pyrene, 
diben2o(a,h) -anthracene,  benzo(g,h,l)-perylene,  nickel  (Ni),  selenium  (Se) , 
silver  (Ag) ,  cadmium  (Cd) ,  lead  (Fb) ,  mercury  (Hg) ,  arsenic  (As),  zinc  (Zn) , 
chromium  (Cr) ,  copper  (Cu) ,  aldrin,  alpha-BHC,  Beta-BHC,  Delta-BHC,  chlordane, 
4,4.-DDD,  4,4-DDE,  4,4-DDT,  dleldrin,  endosulfan  I,  endosulfan  II,  endosulfan 
sulfate,  endrin  aldehyde,  heptachlor,  heptachlor  epoxide,  lindane,  methoxy- 
chlor,  endrin  ketone,  and  toxaphene. 

Data  and  statistical  analysis 

All  statistical  analyses  were  conducted  using  methods  developed  by  the 
Statistical  Analysis  Systems  Institute  (Barr  et  al.  1976).  To  test  for  dif¬ 
ferences  between  means,  analysis  of  variance  procedures  were  used.  Prior  to 
computation  and  analysis  of  data,  method  blanks  were  subtracted  from  analyti¬ 
cal  values  for  butyltin,  pesticide,  and  PAH  compounds.  When  all  leachate 
values  were  below  detection  limits,  data  for  that  compotind  are  not  presented 
in  tabular  form  within  the  main  body  of  the  report,  but  are  shown  in 
Appendix  D. 

Results 


Sediment  concentration 

Concentrations  of  metals,  butyltin  compounds,  pesticides,  and  PAH  com¬ 
pounds  are  presented  in  Part  II  of  this  report.  Concentrations  of  PAH,  pesti¬ 
cides,  and  butyltin  compounds  following  six  months  of  aerobic  incubation  are 
presented  in  Table  V-3.  Concentrations  of  butyltin,  pesticide,  and  PAH  com¬ 
pounds  were  generally  lower  in  concentration  in  the  aerobic  sediments  compared 
to  the  anaerobic  sediments  except  for  naphthalene  and  4,4-DDD  which  were 
higher  in  the  aerobic  sediment.  Decreased  concentrations  under  aerobic  condi¬ 
tions  reflects  losses  due  to  volatilization  and  degradation  during  the  incuba¬ 
tion  process.  Increased  concentrations  under  aerobic  conditions  may  be  a 
result  of  slight  differences  in  concentration  between  the  sediment  subsamples 
chemically  analyzed  and  the  subsamples  used  and  oxidized  for  leachate  testing. 
Kinetic  batch  testing 

Kinetic  batch  testing  was  performed  to  confirm  previoiis  experiments 
indicating  that  a  24  hour  shaking  time  was  sufficient  to  achieve  steady- state 
conditions .  To  test  this  hypothesis ,  1  day  concentrations  were  compared  to 
concentrations  obtained  at  other  sampling  times  during  kinetic  batch  testing. 
Results  showed  no  significant  differences  (P  <  0.05)  for  metals  and  butyltin 
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Table  V-3 

Concentrations  of  PAH  fue/Ke)*.  Pesticides  fue/Ke)**.  and 
Butvltlns  (ug/Kg)***  Compounds  In  Aerobic  Santa  Fe 
Channel  Sediment  Following  Six  Months 
of  Incubation 


Parametf  r...  .  ,  , 

Concentration 

Naphthalene* 

6500 

Fhenanthrene 

30100 

Anthracene 

15000 

Fluoranthrene 

65800 

Benzo [ a ] anthracene 

33500 

Chrysene 

72100 

Benzo [b , J , k] fluoranthrene 

234800 

Benzo [ a ] pyrene 

93300 

Indeno [ 1 , 2 , 3 • c , d] pyrene 

26600 

Dlbenzo [ a , h ] anthracene 

<4.000 

Pyrene 

123500 

Fltiorene 

<4 . 000 

Benzo [ g , h , 1 ] pery lene 

22000 

Acenaphthylene 

<4 . 000 

Acenaphthene 

<4.000 

4,4-DDD** 

0.860 

4,4-DDT 

95.000 

4,4-DDE 

14.800 

Dleldrin 

<3.400 

Endrln  Aldehyde 

<1.''00 

Monobutyltln*** 

<5.i00 

Dlbutyltln 

4400 

Trlbutyltin 

2700 

Tetrabutyltln 

<2.400 

compounds  In  anaerobic  Santa  Fe  Channel  Harbor  sediments  (Table  V-4)  In  levels 
of  leachate  Zn,  Cu,  Nl,  Ag,  Cd,  Se,  dlbutyltln,  and  monobutyltln.  Therefore, 
one  day  of  shaking  for  these  compounds  will  reflect  the  highest  leachate  con¬ 
centrations  observable.  Mercury  concentrations  were  highest  at  the  6  hr  sam¬ 
pling,  but  concentrations  at  the  1  day  sampling  did  not  statistically  differ 
from  concentrations  at  later  sampling  times.  Arsenic  leachate  concentrations 
following  1  day  of  shaking  were  statistically  equivalent  to  all  but  the  3,  7, 
and  10  day  concentrations.  Lead  concentrations  at  1  day  were  only  exceeded  by 
concentrations  following  2  days. 

In  past  leaching  studies  with  sediments  from  Indiana  Harbor,  Indiana 
(Environmental  Laboratory  1987a  and  1987b)  and  Everett  Harbor,  Washington 
(Palermo  et  al.  1989),  1  day  was  sufficient  for  steady-atate  or  worst-case 
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Heavy  Metal*  and  Butvltln**  Concentrations  In  Leachate  from  Anaerobic 
Santa  Fe  Channel  Sediment  In  Different  Sampling  Times 
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Expressed  in  micrograms  per  liter  (standard  error  In  parenthesis). 
Expressed  In  nanograms  per  liter  (standard  error  in  parenthesis). 
NT-Not  Tested 


nteCal  concentrations  to  be  achieved.  Metals  in  Santa  Fe  Channel  Harbor  sedi¬ 
ment  deviated  sli^tly  from  this  kinetic  behavior  because  of  time  of  sediment - 
water  contact,  sediment  salinity,  and  sediment  oxidation  status  (Brannon, 

Myers ,  and  Price  1990) . 

Kinetic  testing  results  for  PAH  compounds  in  anaerobic  Santa  Fe  Channel 
Harbor  sediments  (Table  V-5)  showed  that  PAH  concentrations  following  1  day  of 
shaking  were  generally  no  different  from  leachate  concentrations  at  later 
sampling  periods.  At  the  low  concentration  levels  encountered  for  PAHs, 
detection  limits  and  analytical  method  blank  contamination  present  problems 
for  data  interpretation.  Detection  limits  varied  from  saatple  to  sample,  but 
were  generally  between  4.8  and  19.2  ng/1.  Analytical  method  blank  contamina¬ 
tion  was  subtracted  from  the  analytical  value  reported  because  in  many  cases 
it  constituted  a  large  portion  of  the  analytical  value.  Where  the  analytical 
method  blank  equaled  or  exceeded  the  leachate  value,  a  single  less  than  value 
of  the  analytical  method  blank  Is  presented.  Average  values  below  detection 
limits  are  often  noted  in  Table  V-5  and  reflect  trace  amo\mts  in  one  or  more 
replicate  samples  at  a  specific  sampling  time  averaged  with  values  that  were 
below  detection  limits. 

Kinetic  test  results  for  pesticide  compounds  showed  that  all  were  below 
detection  limits.  Detection  limits  were  <0.06  to  6  ug/1. 


Table  V-5 

PAH  Concentrations*  in  Leachate  from  Anaerobic  Santa  Fe  Channel 
Sediment  at  Different  Sampling  Times 


Parameter 


_ Sampling  Times _ 

1 _  _ 2 _  _ I 


Benzo (b , j , k) -  fluoranthene 

Benzo(a) -pyrene 

Indeno-(l,2,3-c,d)pyrene 

Naphthalene 

Phenanthrene 

Fluoranthrene 

Pyrene 

Benzo (a) -Anthracene 

Chrysene 

Fluorene 

Anthracene 

Acenaphthene 


12.0(6.13) 

<4.8-16.0 

10.4(10.4) 

301(12.7) 

32.2(32.2) 

24.6(20.6) 

50.3(8.58) 

7.4(7.41) 

<4.8-16.0 

<9.6-32.0 

<5.6-18.7 

<12.0-40.0 


8.90(4.54) 

<4.8-19.2 

<7.6-30.4 

106(23.9) 

<12.8-50.2 

<8.0-32.0 

37.4(2.08) 

<5.6-22.4 

<4.8-19.2 

<9.6-38.4 

<5.6-22.4 

<9.6-38.4 


29,6(2.80) 

10.1(2.01) 

<7.6 

161(119) 

25  4(8.22) 
26.2(7.36) 
60.5(8.55) 
2.30(2.30) 
4.13(2.07) 
3.57(3.57) 
7.00(0.42) 
6.37(6.37) 


*  Expressed  in  nanograms  per  liter  (standard  error  in  parenthesis). 
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f 

j 

Sequential  Batch  Leachinf 

General  leachate  quality 

Leachate  pH  and  conductivity  values  for  anaerobic  and  aerobic  sequential 
batch  leaching  tests  for  Santa  Fe  Channel  sediment  are  presented  in  Table  V-6. 
The  pH  during  anaerobic  leaching  was  approximately  1  \init  higher  than  during 
aerobic  leaching  from  Santa  Fe  Channel  sediment  during  the  first  leach  cycle, 
but  values  were  similar  during  the  remainder  of  the  leach  cycles. 


Table  V-6 

Leachate  pH  and  Conductivity  (millisiemens')  in  Santa  Fe  Channel 
Sequential  Batch  Leachate  Testing 


Anaerobic 

Aerobic 

Cvcle 

dH 

Conductivity 

oH 

Conductivity 

1 

8.35(0.003) 

7.55(0.05) 

7,33(0.10) 

1.86(0.04) 

2 

8.45(0.04) 

1.73(0.05) 

8.3(0.05) 

0.62(0.01) 

3 

8.45(0.07) 

0.83(0.01) 

8.5(0.05) 

0,35(0.009) 

4 

7.72(0.10) 

0.75(0.04) 

8.23(0.03) 

0.23(0.003) 

5 

7.83(0,04) 

0.46(0.009) 

8,23(0.03) 

0.18(0.003) 

6 

7.77(0.06) 

0.35(0.003) 

8.17(0.03) 

0.17(0.003) 

*  Standard  error  in  parenthesis. 


Initial  conductivities  of  anaerobic  sediment  was  higher  than  that  of 
oxidized  Santa  Fe  Channel  sediment  (Table  V-6),  Conductivity  decreased  as 
leaching  proceeded,  reaching  relatively  constant  values  by  the  fifth  leach 
cycle.  This  reflected  a  washout  of  salts  during  the  course  of  leaching. 
Anaerobic  metal  and  butvltin  releases 

Steady-state  metal  and  butyltin  concentrations  in  leachate  (C)  and  sed¬ 
iment  (q)  obtained  from  the  sequential  batch  leaching  tests  for  anaerobic 
Santa  Fe  Channel  sediment  are  presented  in  Tables  V-7  and  V-8,  respectively. 
Zn,  Cu,  Ni,  Cr,  Pb,  and  Cd  exhibited  peak  leachate  concentrations  in  the 
fourth  leach  cycle,  then  decreased.  Mercury  exhibited  a  peak  in  the  fifth  and 
sixth  leach  cycle.  Arsenic  concentrations  peaked  during  the  fifth  leach  cycle 
while  Hg  peaked  over  the  fifth  and  sixth  leach  cycles.  Selenium  peaked  at  the 
first  leach  cycle.  Butyltin  concentrations  generally  peaked  between  the  first 
and  fourth  leach  cycles.  Trace  amounts  of  tetrabutyltin  were  found  in  one 
leachate  sample  even  though  this  compound  was  not  present  in  the  sediment. 
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[eaw  Metal*  and  Butvltin**  Concentrations  in  Leachate  from  Anaerob 
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Expressed  In  micrograms  per  liter  (standard  error  In  parenthesis). 
Expressed  In  nanograms  per  liter  (standard  error  In  parenthesis) . 
NT-Not  Tested 


Channel  In  Different  Leach  Cycles 
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Expressed  In  milligrams  per  kilogram  (standard  error  in  parenthesis) 
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NT  -  Not  Tested 


This  was  a  possible  consequence  of  slight  differences  in  concentration  between 
the  sediment  subsamples  analyzed  and  vised  for  leaching  or  reagent  contamina¬ 
tion  during  analysis. 

Aerobic  metal  and  butvltin  releases 

Steady-state  metal  and  butyltin  concentrations  in  leachate  (C)  and  sedi¬ 
ment  (q)  obtained  from  the  sequential  batch  leaching  tests  for  aerobic  Santa 
Fe  Channel  sediment  are  presented  in  Tables  V-9  and  V-10,  respectively.  Cu, 
Ni,  Cr,  Ag,  Pb,  and  Cd  exhibited  peak  leachate  concentrations  in  the  fifth 
leach  cycle,  then  decreased.  Arsenic  exhibited  a  peak  in  the  third  and  sixth 
leach  cycles,  while  Zn  peaked  in  the  third  and  fifth  leach  cycles.  Selenium 
concentrations  peaked  during  the  first  leach  cycle.  Butyltin  concentrations 
generally  peaked  between  the  fifth  and  sixth  leach  cycles.  Concentrations  of 
monobutyltin  were  detected  in  the  leachate  even  though  this  compound  was  not 
detected  in  the  sediment.  This  was  a  possible  consequence  of  slight  differ¬ 
ences  in  concentration  between  the  sediment  subsamples  analyzed  and  used  for 
leaching  or  reagent  contamination  during  analysis.  Metal  and  tributyltin 
concentrations  during  sequential  batch  leaching  of  anaerobic  and  aerobic  Santa 
Fe  Channel  sediment  are  presented  in  Figure  V-5  for  Zn  and  Cu  and  in  Fig¬ 
ure  V-6  for  dibutyltin  and  tributyltin.  Leachate  concentrations  for  these 
metal  and  butyltin  compounds  were  higher  under  anaerobic  conditions  than  under 
aerobic  conditions. 

Anaerobic  PAH  releases 

Steady- state  PAH  concentrations  in  leachate  and  sediment  obtained  from 
the  sequential  batch  leaching  tests  for  anaerobic  Santa  Fe  Channel  sediment 
are  presented  in  Tables  V-11  and  V-12,  respectively.  PAH  compounds  generally 
peaked  in  either  the  second  or  third  leach  cycle,  with  the  exception  of  naph¬ 
thalene,  which  peaked  during  the  first  leach  cycle.  Naphthalene  was  detected 
in  the  leachate  even  though  it  was  not  found  in  the  sediment.  This  may  be  a 
result  of  slight  differences  in  concentration  between  the  sediment  subsamples 
chemically  analyzed  and  the  subsamples  tested  for  leaching  or  low  level 
reagent  contamination  during  analysis.  Analytical  method  blank  contamination 
was  at  times  higher  than  the  concentrations  of  PAHs  measured  in  the  leachate. 
Such  instances  can  be  identified  by  the  presence  of  a  single  less  than  value 
in  Table  V-11. 

Aerobic  PAH  releases 

Steady-state  PAH  concentrations  in  leachate  and  sediment  obtained  from 
the  sequential  batch  leaching  tests  for  aerobic  Santa  Fe  Channel  sediment  are 
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Channel  Sediment  In  Different  Leach  C 
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Expressed  in  mlcrograms  per  liter  (standard  error  In  parenthesis) . 
Expressed  In  nanograms  per  liter  (standard  error  In  parenthesis). 
NT-Not  Tested 


Metal*  and  Butvltln**  Sediment  Concentrations  in  Aerobic 
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Expressed  in  mllllgraas  per  kilogram  (standard  error  In  parenthesis). 
Expressed  In  mlcrograms  per  kilogram  (standard  error  in  parenthesis). 
NT-Not  Tested 


Concentration,  ng/1 
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V-6.  Trlbutyltln  and  dibutyitin  concentrations  in  sequential  batch 
leachate  from  anaerobic  and  aerobic  santa  £e  channel  sediment 
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Expressed  In  nanograms  per  liter  (standard  error  In  parenthesis). 


PAH  Sediment  Concentrations*  tn  Anaerobic  Santa  Fe 
Channel  In  Different  Leach  Cycles 
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Expressed  In  mlcrograras  per  kllograin  (standard  error  in  parenthesis). 


presented  In  Tables  V-13  and  V-14,  respectively.  Leachate  concentrations  jf 
benzo(g,h, 1) -perylene,  naphthalene,  and  phenanthrene  peaked  In  the  second 
leach  cycle.  Unlike  the  situation  for  anaerobic  sediments,  low  concentrations 
of  naphthalene  were  found  in  aerobic  Santa  Fe  Channel  sediment.  However, 
acenaphthylene,  fluorene,  and  acenaphthene  were  detected  at  times  in  the 
leachate  but  were  not  detected  in  the  aerobic  Santa  Fe  Channel  sediment. 
Possible  reasons  for  this  occurrence  are  presented  previoxisly  in  reference  to 
similar  occurrences  in  anaerobic  PAH  releases. 

Leachate  concentrations  of  benzo  (b , k) - fluoranthene ,  benzo  (a) -pyrene, 
and  indeno(l,2,3-c,d)-pyrene  peaked  during  the  third  leach  cycle.  Fluoran- 
threne,  pyrene,  benzo (a) -anthracene,  chrysene,  acenaphthylene,  and  anthracene 
peaked  during  the  fourth  leach  cycle. 

Fluoranthrene  and  pyrene  concentrations  during  sequential  batch  leaching 
of  anaerobic  and  aerobic  Santa  Fe  Channel  sediment  is  presented  in  Figure  V-7. 
Leaching  patterns  for  PAHs  from  Santa  Fe  Channel  sediment  were  similar  to 
those  observed  for  PCBs  during  sequential  leaching  from  other  saline  sediments 
(Brannon  et  al.  1991).  Leachate  concentrations,  however,  of  fluoranthrene  and 
pyrene  were  higher  in  the  aerobic  leachate  than  in  anaerobic  leachate  even 
though  sediment  concentrations  generally  decreased  following  sediment  oxida¬ 
tion.  This  pattern  of  higher  concentrations  of  fluoranthrene  and  pyrene  dur¬ 
ing  leaching  of  aerobic  compared  to  anaerobic  sediments  was  repeated  for  most 
PAH  compoxinds  tested. 

Anaerobic  pesticide  releases 

Steady-state  pesticide  concentrations  in  leachate  and  sediment  obtained 
from  the  sequential  batch  leaching  tests  for  anaerobic  Santa  Fe  Channel  sedi¬ 
ment  are  presented  in  Tables  V-15  and  V-16,  respectively.  Pesticide  compounds 
generally  peaked  in  the  third  leach  cycle,  with  the  exception  of  endrin  alde¬ 
hyde  which  was  detected  only  during  the  first  leach  cycle.  4,4-DDD  also 
exhibited  a  secondary  peak  during  the  sixth  leach  cycle.  Trace  concentrations 
of  4,4-DDE  and  endrin  aldehyde  were  detected  in  the  leachate  even  though  these 
constituents  were  not  present  in  the  sediment.  This  may  be  a  result  of  slight 
differences  in  concentration  between  the  sediment  subsamples  chemically  ana¬ 
lyzed  and  the  subsamples  tested  for  leaching  or  reagent  contamination  during 
analysis . 

Aerobic  pesticide  releases 

Steady- state  pesticide  concentrations  in  leachate  and  sediment  obtained 
from  the  sequential  batch  leaching  tests  for  aerobic  Santa  Fe  Channel  sediment 
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Table  V-13 

PAH  Concentrations*  tn  Leachate  from  Aerobic  Santa  Fe  Channel 
Sediment  In  Different  Leach  Cycles 
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Expressed  In  nanograms  per  liter  (standard  error  In  parenthesis). 


In  Different  Leach  Cycles 
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Expressed  in  alcrograms  per  kilogram  (standard  error  in  parenthesis) . 


LEGEND 

•  Fluoranlhrene 

O  Pyrene 


EST  Concentrations  In  Leachate  from  Anaerobic  Santa  Fe  Channel 
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Expressed  In  mlcrograras  per  kilogram  (standard  error  In  parenthesis) . 


are  presented  in  Tables  V-17  and  V-18,  respectively.  Peak  concentrations  of 
all  pesticides  detected  were  seen  in  the  fourth  leach  cycle.  Except  for  4,4- 
DDD,  the  fourth  leach  cycle  was  the  only  time  that  pesticides  were  detected  in 
leachate  from  aerobic  Santa  Fe  Channel  sediment.  Concentrations  of  4,4-DDD 
during  sequential  batch  leaching  of  anaerobic  and  aerobic  Santa  Fe  Channel 
sediment  are  presented  in  Figure  V-8. 

Cumulative  and  percentage 
losses  of  metals  and  butvltin 

Cumulative  net  mass  releases  and  percent  mass  losses  of  metals  from 
anaerobic  Santa  Fe  Channel  sediment  were  either  similar  to  or  higher  than 
releases  from  aerobic  sediment  (Table  V-19),  with  the  exception  of  Ag.  Net 
mass  releases  of  the  butyltin  compounds  were  higher  under  anaerobic  condi¬ 
tions,  but  percent  mass  losses  were  lower  because  of  decreased  butyltin  sedi¬ 
ment  concentrations  following  sediment  oxidation  (Table  V-19).  No  losses  of 
monobutyltin  were  observed  \mder  aerobic  conditions  because  it  was  not 
detected  in  the  sediment  following  six  months  of  aerobic  incubation. 

Cumulative  and  percentage  losses 
of  PAHs  and  pesticides  during  leaching 

Cumulative  net  mass  releases  of  PAH  compounds  from  Santa  Fe  Channel 
sediment  were  generally  higher  from  aerobic  compared  to  anaerobic  sediments 
(Table  V-20).  Cumulative  net  mass  PAH  releases  following  leaching  of  aerobic 
sediment  were  much  higher  than  releases  from  anaerobic  sediment  despite  the 
lower  sediment  concentrations  of  the  PAH  compounds  following  aerobic  incuba¬ 
tion.  Releases  of  pesticides,  however,  were  generally  higher  under  anaerobic 
conditions , 

Percents  of  PAH  compounds  lost  from  Santa  Fe  Channel  sediment  were 
higher  in  aerobic  sediment  than  in  anaerobic  sediment  (Table  V-20).  Percents 
of  pesticides  were  also  generally  higher  under  anaerobic  conditions,  although 
all  the  4,4-DDD  present  in  the  aerobic  Santa  Fe  Channel  sediment  was  released. 

Column  Leaching  Results 


Column  operating  parameters 

Column  operating  parameters  are  shown  in  Table  V-21.  The  data  in 
Table  V-21  show  that  there  were  no  substantial  differences  in  column  operating 
parameters  for  metals  and  organics.  As  previously  discussed,  the  use  of 
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Expressed  in  micrograms  per  kilogram  (standard  error  in  parenthesis). 


Figure  V-8.  4,4*DDD  Concentrations  in  Sequential  Batch 

Leachate  from  Anaerobic  and  Aerobic  Santa  Fe  Channel 

Sediment 

separate  columns  for  metals  and  organics  is  primarily  one  of  convenience  for 
collection  and  preservation  of  samples. 

Column  length  is  fixed  by  the  column  geometry  and  is  therefore  the  same 
for  all  colvimns.  Porosity,  specific  gravity,  and  water  content  are  sediment 
dependent,  but  are  the  same  for  a  given  sediment.  These  parameters  were 
determined  on  one  sample  collected  during  loading  of  the  colxunns .  Average 
pore  water  velocity  is  about  the  same  for  all  the  columns. 

Data  presentation  format 

Colvunn  leachate  data  are  reported  as  a  function  of  the  niunber  of  pore 
volumes  eluted  from  the  columns.  One  pore  volvime  is  that  volume  in  the  sedi¬ 
ment  occupied  by  water.  Since  the  columns  were  operated  in  a  saturated  condi¬ 
tion,  all  the  voids  were  filled  by  water.  Figure  V-9  illustrates  the  pore 
volume  concept. 
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Table  V-19 

Cumulative  Mass  Loss  (m^/Ke)  of  Metals  and  Butvltln  Compounds  (ue/Kg)  and 
Percent  Mass  Loss  from  Santa  Fe  Channel  Sediment  Following  7  Cycles  of 
Leachlnp  for  Metals  and  6  Cycles  of  Leachlnp  for  Butvltln  Compounds 


Cumulative  Mass  Loss 

Loss 

Parameter 

Anaerobic 

Aerobic 

Anaerobic 

Aerobic 

As 

1.10 

0.97 

13.02 

11.48 

Zn 

4.70 

3.90 

4.02 

3.33 

Cu 

5.08 

2.98 

9.00 

5.28 

Ni 

1.25 

0.95 

1.55 

1.18 

Cr 

1.35 

0.85 

0.72 

0.46 

Ag 

0.0004 

0.007 

0.16 

2.73 

Pb 

1.80 

1.00 

6.19 

3.44 

Cd 

0.068 

0.022 

9.68 

3.08 

Hg 

0.001 

0.001 

0.34 

0.34 

Tributyltln 

0.79 

0.36 

12.44 

13.33 

Dlbutyltln 

0.55 

0.54 

9.12 

12.27 

Monobutyl tin 

0.24 

ND 

12.00 

ND 

Table  V-20 

Cumulative  Mass  Loss  of  PAH  Compounds  and  Pesticides  (ug/Kg) 

and  Percent  Mass  Loss  from  Santa  Fe  Channel  Sediment 
Following  6  Cycles  of  Leaching 


Cumulative  Mass  Loss 

Percent  Mass 

Loss 

Parameter 

Anaerobic 

Aerobic 

Anaerobic 

Aerobic 

Benzo (b , J , k) fluoranthene 

1.07 

0.50 

0.17 

0.21 

Benzo( a) pyrene 

0.43 

2.50 

0.14 

2.67 

Indeno  (1, 2 , 3-c,d)pyrene 

0.10 

0.40 

0.06 

1.50 

Benzo(g,h, 1) -perylene 

0.23 

0.50 

0.10 

2.27 

Naphthalene 

ND* 

0.30 

ND 

4.62 

Phenanthrene 

0.38 

0.40 

0.60 

1.33 

Fluoranthrene 

0.53 

2.90 

0.50 

4.41 

Pyrene 

1.88 

7.00 

0.95 

5.67 

Benzo(a) -anthracene 

0.15 

1.00 

0.10 

2.99 

Chrysene 

0.13 

1.00 

0.08 

1.39 

Acenaphthylene 

ND 

ND 

ND 

ND 

Fluorene 

ND 

ND 

ND 

ND 

Anthracene 

0.23 

0.40 

0.58 

2.67 

Acenaphthene 

ND 

ND 

ND 

ND 

4,4-DDD 

6.50 

0.86 

3.20 

100 

4,4-DDT 

ND 

ND 

ND 

ND 

4,4-DDE 

ND 

0.10 

ND 

ND 

Dieldrin 

0.37 

ND 

15.54 

ND 

Endrin  Aldeb  'de 

0.16 

ND 

4.32 

ND 
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Table  V-21 


Col\«itn‘  Operating  Parameters 


Contaminant 


Column  No. 

Type 

n 

w 

V 

7 

metals 

.63 

2.73 

0.614 

l.lE-05 

8 

metals 

.63 

2.73 

0.614 

9.1E-06 

9m 

metals 

.63 

2.73 

0.614 

7.1E-06 

9o 

PESs 

.63 

2.73 

0.614 

l.lE-05 

14 

PAHs 

.63 

2.73 

0.614 

1.3E-05 

15 

TBTs 

.63 

2.76 

0.614 

1.2E-05 

a:  length  equal  4  cm 
n:  porosity 

PAHs:  polyaromatic  hydrocarbons 
PESs :  pesticides 

SG:  specific  gravity 
TBTs ;  butyltins 

w:  water  content,  weight  of  water/weight  of  solids 
V;  average  pore  water  velocity,  cm/sec 

For  saturated  conditions,  the  pore  volume  is  given  by 


*  A  L  n  (1) 

where 

Fv  -  pore  volume  of  the  sediment,  cm^ 

A  -  cross-sectional  surface  area  of  the  sediment  column,  cm^ 

L  -  length  of  the  sediment  column,  cm 
n  -  porosity,  dimensionless 

The  number  of  pore  volumes  eluted  is  the  cumulative  volume  of  water  collected 
divided  by  P^  .  For  the  steady  flow  conditions  maintained  during  column 
leaching,  the  number  of  pore  volumes  eluted  is  also  given  by 


T._Qt_AVnt_Vat 

■77  imr  TE 


where 

Q  “  flow,  cm^/sec 
T  -  pore  volumes  eluted 
t  -  time,  sec 
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(2) 


CONCEPTUAL 


pore 

volume 


water 


pv  eluted 


Pore  volume  definition  sketch 


V  -  average  pore  water  velocity,  cm/sec 
Vj  -  Darcy  velocity,  cm/sec 

The  field  time  for  elution  of  one  pore  volume  is  given  by 


t' 


(3) 


where  t'  is  the  time  to  elute  one  pore  volume  (T-1).  For  saturated  dredged 
material  with  no  standing  water,  the  Darcy  velocity  is  equal  to  the  hydraulic 
conductivity  of  the  dredged  material.  For  saturated  dredged  material  in  an 
upland  disposal  facility  of  area  A  ,  the  field  elution  time  for  one  pore 
volume  of  water  is  given  by 

T'  -  IhJl  -  hJ}.  (^) 

nr 


where 

L  -  depth  of  dredged  material  fill,  cm 

K  -  hydraulic  conductivity,  cm/sec 

For  example,  if  L  -  457  cm  (15  ft),  K  -  1  E-06  cm/sec,  and  n  -  0.6,  then  the 
field  elution  time  for  one  pore  volume  is  about  nine  years . 

The  discussion  above  illustrates  how  to  convert  laboratory  time  for 
column  leaching  studies  to  an  equivalent  field  time.  Because  the  sediment 
pore  volume  is  the  basis  for  relating  laboratory  coliimri  time  to  field  time,  it 
is ,  therefore ,  convenient  to  present  column  elution  curves  as  contaminant 
concentration  versus  pore  volumes  eluted. 

General  column  leachate  Quality 

Figures  V-10  and  V-11  show  pH  and  electrical  conductivity  in  column 
leachates.  During  column  leaching  of  Santa  Fe  Channel  sediment,  pH  in 
leachate  from  columns  operated  for  testing  of  metals  (Figure  V-10)  and 
organics  (Figure  V-11)  was  about  the  same  as  the  pH  of  anaerobic  batch 
leachate  from  Inner  Oakland  sediment  (Table  V-6).  In  the  column  tests,  pH 
tended  to  increase  slightly  during  the  leaching  procedure,  and  in  the  batch 
tests  pH  tended  to  decrease  slightly.  The  differences,  however,  are  too  small 
to  significantly  affect  metals  leaching. 
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RICHMOND  METALS 


Figure  V-10.  Electrical  conductivity  and  ph  in  colusm 
leachates  collected  for  metals  analyses 

The  electrical  conductivity  of  coliistn  leachates  shoved  classical  washout 
curves  as  expected.  Since  electrical  conductivity  is  a  measure  of  dissolved 
salts  and  the  estuarine  sediment  from  Santa  Fe  Channel  was  leached  with  dis- 
tilled-deionized  water,  a  washout  curve  is  expected.  The  electrical  conduc¬ 
tivity  versus  pore  volumes  eluted  plot  should  monotonically  decrease,  that  is, 
electrical  conductivity  should  never  increase.  Column  9  (Figure  V-10)  showed 
an  unexpected  rise  in  electrical  conductivity  between  2  and  4  pore  volumes 
eluted.  The  electrical  conductivity  data  in  Figure  11  for  the  columns  oper¬ 
ated  for  organic  analysis  show  classical  elution  curves  with  no  deviation  from 
theory. 


93 


RICHMOND  organics 
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Figure  V-11.  Electrical  conductivity  and  ph  in  column 
leachates  collected  for  organic  analyses 

Metals  in  Santa  Fe 
Channel  column  leachates 

Metals  elution  curves  for  Santa  Fe  Channel  sediment  are  shown  in  Fig¬ 
ures  V-12  through  V-14.  Metals  concentrations  were  generally  very  low  in 
column  leachates.  Metals  concentration  data  from  Columns  7  and  8  were  gener¬ 
ally  in  good  agreement,  but  the  metals  concentration  data  from  column  9  was 
low  relative  to  columns  7  and  8.  One  exception  is  the  arsenic  elution  curves 
where  the  three  columns  are  in  good  agreement  \intll  at  about  10  pore  volumes 
eluted  there  is  a  high  arsenic  value  in  leachate  from  coltimn  9.  This  value 
appears  to  be  an  outlier  since  it  does  not  fit  the  overall  trend  in  all  three 
columns.  The  low  concentrations  in  leachate  from  column  9  relative  to  col¬ 
umn  7  and  8  Indicate  that  Some  type  of  short-circuiting  effect  impacted 
leachate  quality  from  column  9. 
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RICHMOND  METALS 


2.0 

1.5 

1.0 
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PORE  VOLUME  ELUTED  PORE  VOLUME  ELUTED 

Figure  V-12.  Silver,  arsenic,  cadnium,  and 
chroaium  elution  curves 


Ni  (ug/L) 
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Figure  V-13.  Copper,  aercury,  nickel,  and 
lead  elution  curves 
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RICHMOND  METALS 


O  COLUMN  7 
V  COLUMN  6 
□  COLUMN  9 


Figure  V-14.  Zinc  elution  curves 

There  were  no  distinct  trends  in  silver  elution  (Figure  V-12)  primarily 
because  the  silver  concentrations  in  column  leachates  from  Santa  Fe  Channel 
sediment  were  so  low.  The  highest  concentration  (1.8  ug/L)  was  measured  In 
leachates  collected  from  columns  7  and  8  after  about  10  pore  volumes  were 
eluted.  Otherwise,  silver  concentrations  were  less  than  1  ug/L  throughout 
most  of  the  test.  This  type  of  elution  curve  suggests  that  the  amount  of 
leachable  silver  in  Santa  Fe  Channel  sediment  is  very  small  and  leachate  con* 
centrations  will  tend  to  be  less  than  1  ug/L. 

Arsenic  (Figure  V-12)  which  ranged  from  less  than  1  to  119  ug/L  tended 
to  slowly  decrease  during  column  leaching  except  to  the  possible  outlier  pre¬ 
viously  discussed.  The  arsenic  elution  curves  suggests  that  a  reservoir  of 
leachable  arsenic  resides  in  the  sediment  solids  that  can  maintain  concentra¬ 
tions  between  10  and  30  ug/L  for  a  long  period  of  time. 

Cadmitun  concentrations  were  initially  less  than  0.5  ug/L  for  two  of  the 
three  columns.  In  column  9  (Figure  V-12),  the  initial  value  was  about  1  ug/L. 
In  columns  7  and  8,  cadmium  concentrations  increased  after  4  pore  volumes  were 
eluted.  Concentrations  were  still  very  low,  however,  never  exceeding 
3.2  ug/L.  The  type  of  elution  curve  shown  in  columns  7  and  8  for  cadmium 
suggests  that  the  initially  very  cadmium  concentrations  in  dredged  ma»-erial 
pore  water  will  tend  to  Increase,  but  the  increase  will  be  very  small. 
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Chromium  concentrations  (Figure  V-12)  dropped  from  initial  values 
between  50  and  150  ug/L  to  concentrations  that  consistently  less  than  the 
detection  limit  (1  ug/L).  After  four  pore  volume  were  eluted,  chromium  con¬ 
centrations  tended  to  increase  in  columns  7  and  8.  The  maximum  concentration 
(290  ug/L)  occurred  at  about  9.7  pore  volumes  eluted  in  column  7.  Thereafter, 
chromium  concentrations  decreased  and  never  returned  to  the  original  levels . 

In  column  19,  chromium  concentrations  remained  low  and  did  not  show  the  type 
of  increases  observed  in  columns  7  and  8.  The  elution  curves  for  colvums  7 
and  8  suggests  that  the  leachable  reservoirs  of  chromium  in  Santa  Fe  Channel 
sediment  are  initially  low,  Increase,  and  then  begin  to  decline. 

Copper  concentrations  Increased  in  two  of  the  three  columns.  In  one 
column  (column  9,  Figure  V-13),  very  low  copper  concentrations  were  eluted 
throughout  the  test.  In  the  other  two  columns,  copper  showed  a  trend  for 
increasing  concentrations  between  4  and  8  pore  volumes  eluted  and,  thereafter, 
copper  concentrations  tended  to  decrease.  Lead  elution  curves  for  Inner  Oak¬ 
land  sediment  (Figure  V-13)  were  similar  to  the  copper  elution  curves,  except 
that  the  increase  in  lead  concentrations  eluted  from  columns  7  and  8  was  more 
distinct  than  the  increases  In  copper  concentrations  for  these  columns.  The 
type  of  elution  curves  observed  for  copper  and  lead  in  columns  7  and  8  sug¬ 
gests  that  leachable  reservoirs  of  copper  and  lead  are  initially  low,  then 
increase,  and  finally  begin  to  decline. 

Mercury  concentrations  were  initially  very  low  (Figure  V-13)  and  then 
were  variable  between  4  and  10  pore  volumes  eluted.  The  mercury  elution 
curves  suggest  very  low  levels  of  leachable  mercury. 

Nickel  concentrations,  Figure  V-13,  showed  a  rapid  decrease  from  initial 
values  in  two  of  the  columns.  Column  7  showed  a  well  defined  peak  around  nine 
pore  volumes  eluted  that  was  than  the  initial  concentration.  Column  eight 
also  showed  a  peak  at  about  nine  pore  volumes  eluted,  but  the  peak  in  the 
elution  curve  for  colvunn  eight  was  not  as  well  defined.  Nickel  concentrations 
in  leachate  from  column  nine  were  low  throughout  the  test.  The  type  of  elu¬ 
tion  curves  shown  in  Figure  V-14  for  columns  7  and  8  suggests  that  Initial 
nickel  concentrations  in  dredged  material  pore  water  will  be  reduced  by  con¬ 
vective  transport  and  there  will  be  a  tendency  for  concentrations  to  increase 
after  about  eight  pore  volumes  are  eluted. 

Zinc  elution  curves  (Figure  V-14)  were  similar  to  the  elution  curves  for 
chromium  (Figure  V-12).  A  decrease  in  initial  concentrations  was  followed  by 
an  increase  in  concentrations  that  peaked  around  eight  pore  volumes  eluted. 
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As  with  the  other  metal  elution  curves,  column  9  showed  very  low  zinc  concen¬ 
trations  throughout  the  tests,  decreased  from  initial  values  up  to  about 
8  pore  volumes  eluted.  The  elution  curves  for  columns  7  and  8  suggests  chat 
the  initial  reservoir  of  leachable  zinc  in  Santa  Fe  Channel  sediment  is 
depleted  by  convective  transport,  but  the  availability  of  leachable  zinc 
increases  and  peaks  at  around  eight  pore  volumes  eluted. 

Butvltin  in  column  leachates 

Leachate  samples  from  coltusn  10  were  analyzed  for  butyltins.  Ten  sam¬ 
ples  were  analyzed  over  an  experimental  nm  involving  elution  of  14  pore  vol¬ 
umes.  The  butyl tin  concentrations  from  these  samples  are  provided  in 
Table  V-22.  Tetrabutyltin  and  tributyltln  were  below  or  just  above  the  detec¬ 
tion  limits  in  most  samples.  These  data  indicate  no  or  very  low  release  of 
tetrabutyltin  and  tributyltln  during  column  leaching.  Dibutyltin  and  mono- 
butyltln  releases  were  observed  during  column  leaching,  but  there  were  no  dis¬ 
tinct  trends  in  the  data.  Dibutyltin  was  the  most  abundant  butyltin  in  column 
leachates.  The  range  in  dibutyltin  concentrations  was  1.7  to  24.5  ng/L,  the 
median  value  was  7.1  ng/L,  and  the  mean  value  was  14.2  ng/L.  The  range  in 

Table  V-22 

Butvltins  in  Column  Leachates  fne/L) 


Pore  Volume  Eluted 

4TBT 

3IBI- 

Ml. 

0.45 

<1.5 

<1.7 

7.1 

<1.4 

1.39 

<1.4 

<1.6 

11.7 

2.0 

2.37 

<1.2 

<1.3 

9.4 

1.6 

3.29 

<1.5 

<1.7 

9.0 

2.7 

4,18 

<1.4 

<1.6 

1.7 

1.3 

5.05 

1.0 

1.6 

4.1 

1.2 

5.95 

1.4 

1.6 

6.0 

1.2 

7.01 

1.0 

4.5 

8.3 

2,3 

10.54 

1.0 

11.3 

24.5 

8.1 

13.98 

<8.9 

<21.6 

6.5 

12.2 

4TBT: 

Tetrabutyltin 

3TBT; 

Tributyltin 

DBT: 

Dibutyltin 

MBT: 

Monobutyl tin 
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monobutyltin  concentrations  was  1.2  to  8.1  ng/L  with  one  value  reported  as 
less  than  12.2,  The  median  value  for  monobutyltin  was  1.6  ng/L,  and  the  mean 
value  was  3.4  ng/L.  These  data  indicate  that  dibutyltin  and  monobutyltin 
leach  at  very  low  concentrations,  generally  less  than  20  ng/L  for  dibutyltin 
and  less  than  10  ng/L  for  monobutyltin. 

PAHs  in  cnliinm  leachates 

PAH  compotinds  in  column  leachates  were  below  detection  limits  in  the 
first  two  samples  collected.  Many  of  the  PAH  compounds,  although  initially 
below  the  detection  limit,  tended  to  increase  after  four  pore  volvunes  were 
eluted  (Table  V-23).  Fluoranthene,  benzo(b,j ,k) fluoranthene,  and  pyrene 
elution  curves  shown  Figure  V-15  are  examples  of  the  tendency  of  PAH 


COLUMN  14 


Figure  V-15.  Pyrene,  fluoranthene,  and 
benzo [ b , j , k ] fluoranthene  elution  curves 


PAHs  In  Column  Leachate  (Column 


Benzofluoranthene  Isomers  are  quantified  together. 


concentrations  to  increase.  Concentrations  of  these  PAHs  began  to  increase 
after  4  pore  voltunes  were  eluted,  and  peak  concentrations  occurred  at  about 
6  pore  volumes  eluted.  These  elution  curves  suggest  that  leachable  reservoirs 
in  Santa  Fe  Channel  sediment  of  fluoranthene,  ben2o(b, j ,k) fluoranthene  and 
pyrene  and  several  other  PAHs  that  showed  similar  elution  curves  were  ini¬ 
tially  low  and  then  increased. 

Pesticides  in  coltimn  leachates 

Pesticides  were  generally  below  the  detection  limits  in  column  leachates 
(Table  V-24).  Nineteen  pesticides  were  analyzed  in  eight  column  leachate 
samples  for  a  total  of  152  analyses.  Only  nine  values  were  above  detection 
limits.  The  pesticides  present  in  concentrations  above  the  detection  limits 
were  dieldrin,  4,4' -DDE,  and  4,4' -DDD.  Concentrations  of  these  pesticides  in 
column  leachates  collected  before  four  pore  volumes  were  eluted  were  below  the 
detection  limit.  The  detectable  concentrations  of  dieldrin  and  4,4' -DDE  were 
very  low,  less  than  0.22  ug/L.  The  pesticide  4,4' -DDD  showed  a  distinct  trend 
for  increasing  concentrations  toward  the  end  of  the  column  leach  test.  In  the 
last  two  samples  collected,  4,4' -DDD  was  present  at  1.1  ug/L.  These  column 
leachate  data  for  pesticides  suggest  that  most  pesticides  do  not  leach  from 
Santa  Fe  Channel  sediment.  Dieldrin,  4,4'-DDE,  and  4,4' -DDD  pesticides  are 
exceptions . 


Discussion 


Sequential  batch  leach  data 

Sequential  batch  leaching  of  both  anaerobic  and  aerobic  Santa  Fe  Channel 
sediment  did  not  follow  classical  desorption  theory.  The  appearance  of  peaks 
in  the  leachate  concentration  data  indicated  nonconstant  sediment  geochemis  try 
and  nonconstant  distribution  coefficients  during  leaching.  If  constant  dis¬ 
tribution  coefficients  existed,  contaminant  concentrations  would  have 
decreased  during  sequential  batch  leaching.  If  constant  distribution  coeffi¬ 
cients  existed,  contaminant  concentrations  would  have  decreased  during  sequen¬ 
tial  batch  leaching.  The  changes  in  sediment  geochemistry  are  reflected  in 
the  changes  in  conductivity  and  pH  during  sequential  leaching. 

The  nonconstant  partitioning  evident  in  the  sequential  batch  leach  data 
for  Santa  Fe  Channel  sediment  has  been  observed  in  previous  leaching  studies 
on  estuarine  sediments  (Myers  and  Brannon  1988,  Palermo  et  al.  1989).  Noncon¬ 
stant  partitioning  means  that  distribution  coefficients  change  as  the  solid 
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phase  concentration  decreases  during  sequential  leaching  until  a  tutming  point 
is  reached  (Figure  V-16).  The  nonconstant  portion  of  the  desorption  isotherm 
shown  in  Figure  V-16  is  related  to  elution  of  salt.  As  salt  is  eluted,  the 
ionic  strength  of  the  aqueous  phase  is  reduced.  Decreasing  ionic  strength 
increases  repulsive  forces  between  colloids  so  that  flocculated  colloidal 
matter  becomes  dispersed  in  the  water  phase.  Sediment  colloids  that  become 
dispersed  in  the  water  phase  can  carry  contaminants  and  increase  the  apparent 
dissolved  concentration  of  these  contaminants  (Brannon  et  al.  1991).  Thus, 
deflocculation  of  sediment  colloids  is  probably  the  process  responsible  for 
nonconstant  partitioning. 


Figure  V-16.  Desorption  isotherm  illustrating 
and  constant  partitioning 
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Anaerobic  isothglBS 

Figure  V-17  shows  desorption  Isothens  plots  for  arsenic,  copper, 
dibucyltin,  and  pyrene  for  anaerobic  Santa  Fe  Channel  sediment.  The  points  in 
these  figures  are  sediment  contaminant  concentration- leachate  contaminant 
concentration  pairs  from  the  sequential  batch  leach  data.  Thus,  the  seven 
points  in  Figure  V-17  for  As  and  Cu  and  the  six  points  for  dibutyltin  and 
pyrene  represent  the  seven  or  six  cycles  in  the  sequential  batch  leach  test. 
The  highest  point  relative  to  the  vertical  axis  is  the  data  pair  from  the 
first  cycle,  the  second  highest  point  relative  to  the  vertical  axis  is  the 
data  pair  from  the  second  cycle,  snd  so  forth.  Figure  V-18  shows  the  type  of 
isothenn  obtained  when  the  distribution  coefficient  is  constant.  The  noncon¬ 
stant  partitioning  clearly  evidert  in  Figure  V'17  was  observed  for  most  of  the 
contaminants  Investigated  in  this  study. 

Aerobic  data 

Santa  Fe  Channel  sediment  showed  only  a  one  unit  decrease  in  pH  fol¬ 
lowing  oxidation.  This  lack  of  change  in  pH  was  reflected  in  the  leaching 
results.  Anaerobic  leaching  of  metals,  butyltin  compounds,  and  pesticides  was 
either  higher  than  or  equal  to  leaching  under  aerobic  conditions.  Oxidation 
of  Santa  Fe  Channel  sediment,  however,  resulted  in  increased  leaching  of  most 
PAH  compounds  compared  to  anaerobic  sediment  (Table  V-20).  The  increase  in 
PAH  leaching  was  substantial,  and  indicating  that  PAH  leachate  concentrations 
will  be  higher  if  dredged  material  in  an  upland  facility  is  drained  to  the 
extent  that  oxidizing  conditions  exist  throug^'‘ut  the  dredged  material.  From 
a  management  perspective,  these  results  indicate  that  PAH  mobility  can  be 
reduced  by  maintaining  anaerobic  conditions. 

C9BPflri89n,9f  ..Sgflvieagifll  „gnd 

Column  Leach  Data 

Anaerobic  sequential  batch  and  column  tests  were  in  good  qualitative 
agreement  for  most  contaminants  in  Santa  Fe  Channel  sediment.  Initial  contam¬ 
inant  concentrations  in  coluom  leachates  tended  to  be  higher  than  leachate 
concentrations  from  the  first  cycle  of  the  sequential  batch  leach  test.  Pei  s 
in  batch  leachate  data  indicating  nonconstant  sediment  geochemistry  and  no 
constant  distribution  coefficients  were  confirmed  as  increasing  contaminai 
concentrations  in  column  leachate.  Specific  comparisons  are  provided  below. 
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Figure  V-17.  Desorption  isotherm  for  As,  Cu,  dibutyltin,  and  pyrene  from 

anaerobic  Santa  Fe  channel  sediment 
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Silver  concentrations  in  column  leachates  were  higher  than  in  leachate 
from  the  anaerobic  sequential  batch  test.  The  maximum  concentration  in  the 
column  test  was  1.8  ug/L  while  the  maxiomm  concentration  in  the  anaerobic 
sequential  batch  test  was  only  0.14  ug/L.  Concentrations  in  the  column  tests 
also  tended  to  be  more  variable  than  those  in  the  batch  test.  The  absence  of 
distinct  trends  during  batch  testing  occurred  during  column  testing. 

Arsenic 

Arsenic  concentrations  in  column  leachates  were  similar  to  concentra¬ 
tions  in  leachates  from  the  anaerobic  sequential  batch  test.  The  trend  of 
increasing  concentrations  observed  during  batch  testing  was  not  observed  dur¬ 
ing  column  testing.  After  the  first  two  cycles  in  the  batch  test,  batch 
arsenic  concentrations  tended  to  be  slightly  higher  than  the  column  arsenic 
concentrations.  With  the  exception  of  one  outlier  in  the  coltimn  data,  the 
maximum  arsenic  concentration  (64.4  ug/L)  occurred  in  the  batch  test. 

Cadmium 

Cadmium  concentrations  in  column  leachates  were  similar  to  the  concen¬ 
tration  in  leachates  from  the  anaerobic  sequential  batch  leach  test.  The 
tendency  for  cadmium  concentrations  to  increase  during  anaerobic  sequential 
batch  leaching  was  confirmed  in  the  column  test.  The  maximum  cadmium  concen¬ 
tration  (5.5  ug/L)  occurred  in  the  batch  test. 

Chromium 

Initial  concentrations  of  chromium  from  the  columns  were  higher  than 
those  in  the  batch  tests.  Increasing  Cr  concentrations  observed  in  the  batch 
tests  were  confirmed  during  column  testing.  The  maximum  concentration 
(290  ug/L)  occurred  in  the  column  test. 

Conner 

Copper  concentrations  in  column  and  anaerobic  sequential  batch  leachates 
were  in  good  agreement  throughout  both  tests.  Copper  concentrations  were 
initially  less  than  10  ug/L  and  increased  to  concentrations  around  500  ug/L  in 
both  tests.  The  maximum  concentration  (584  ug/L)  occurred  in  the  column  test. 
Mercury 

Mercury  concentrations  in  column  leachates  and  anaerobic  sequential 
batch  leachates  were  in  good  agreement.  The  trend  for  very  low  concentrations 
to  increase  during  anaerobic  sequential  batch  leaching  was  confirmed  in  column 
tests.  The  maximum  concentration  (0.41  ug/L)  occurred  in  the  column  test. 
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Nickel 

Nickel  concentrations  In  coluom  leachates  were  higher  than  those  In  the 
anaerobic  sequential  batch  test.  Increasing  nickel  concentrations  observed 
during  batch  testing  were  evident  during  column  testing  but  initial  concentra¬ 
tions  in  column  leachates  were  much  higher  than  those  in  the  peak  that  devel¬ 
oped  after  several  pore  volumes  were  eluted.  The  maximum  concentration 
(800  ug/L)  occurred  in  the  column  test. 

Lead 

Lead  concentrations  in  column  leachates  and  anaerobic  sequential  batch 
leachates  were  in  good  agreement.  Increasing  lead  concentrations  observed  in 
batch  testing  was  confirmed  in  the  column  test.  Even  the  peak  values  were 
similar.  The  maximum  concentration  (193  ug/L)  was  observed  in  the  batch  test. 
Zinc 

Zinc  concentration  column  leachates  and  anaerobic  sequential  batch 
leachates  were  in  good  agreement.  Increasing  Zinc  concentrations  observed  in 
the  batch  tests  was  confirmed  during  column  testing.  Peak  values  were  simi¬ 
lar.  The  maximum  value  (527  ug/L)  was  observed  in  the  batch  test. 

Butyl tins 

Mono-  and  dibutyltin  concentrations  in  column  leachates  were  somewhat 
lower  than  mono-  and  dibutyltin  concentrations  in  batch  leach  tests.  Neither 
test  showed  well-defined  trends.  The  maximum  mono-  and  dibutyltin  concentra¬ 
tions  (17.9  and  48.8  ng/L,  respectively)  occurred  in  the  batch  test.  Tri- 
butyltin  concentrations  were  substantially  lower  in  the  column  test  than  in 
the  batch  test.  The  tendency  for  tributyltin  concentrations  to  increase  in 
the  batch  test  was  also  evident  in  the  column  test.  The  maximum  tributyltin 
concentration  (67.4  ng/L)  occurred  in  the  batch  test.  Tetrabutyltin  concen¬ 
trations  were  generally  near  or  below  the  detection  limit  in  column  and  batch 
leachates . 

PAHs 

Comparison  of  PAHs  in  batch  and  column  leach  tests  for  Santa  Fe  Channel 
sediment  indicates  four  general  categories:  PAHs  that  were  below  or  near  the 
detection  limit  in  both  batch  and  column  leachates,  PAHs  that  were  generally 
above  the  detection  limit  but  showed  no  distinct  trends  in  either  the  batch  or 
column  test,  PAHs  that  showed  decreasing  trends  in  the  batch  test  and  increas¬ 
ing  trends  in  the  column  test,  and  PAHs  for  which  increasing  concentrations 
were  observed  in  batch  and  column  tests.  The  fourth  category  was  the  largest 
category.  PAH  compounds  in  the  first  category  were  acenaphthylene. 
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acenaphthene ,  fluorene,  and  dlbenzo(a,h) -anthracene.  Anthracene  was  the  only 
PAH  compound  in  the  second  category.  PAH  compounds  in  the  third  category  were 
naphthalene  and  phenanthrene .  PAH  compounds  in  the  fourth  category  are  listed 
in  Table  V-25.  Also  shown  in  Table  V-25  are  maximum  PAH  concentrations  in 
batch  and  column  leachates.  The  tendency  for  increasing  concentrations  of 
these  PAH  compounds  during  anaerobic  sequential  batch  leaching  was  confirmed 
in  the  column  test,  although  the  maximum  concentrations  in  column  leachate  was 
substantially  higher  than  the  maxinnim  concentrations  in  batch  leachate. 


Table  V-25 

Maximum  Concentrations  (nE/Ll  for  PAH  Compounds  Showing 
Tendency  to  Increase  in  Batch  and  Column  Leach  Tests 


PAH  Comnound 

Batch  Test 

Test 

Fluoranthene 

39.5 

134.8 

Pyrene 

151 

528 

Benzo [a] anthracene 

16.8 

65 

Chrysene 

12.6 

82.2 

Benz  0 [ b , j , k ] fluoranthene 

81.1 

965.2 

Benzo [a] pyrene 

37.5 

336 

Indeno [ 1 , 2 , 3 - c , d ] pyrene 

26.1 

55.9 

Benzo [ g, h, i]peryiene 

48.0 

156 

Pesticides 

Batch  and  column  leachate  data  were  in  good  agreement  qualitatively  and 
quantitatively  for  pesticides.  The  pesticides  that  were  below  the  detection 
limit  in  the  batch  test  were  also  below  the  detection  limit  in  the  column 
test.  The  pesticide  leached  in  the  largest  amounts  was  4,4' -DDD  in  both  batch 
and  coltunn  tests.  The  increasing  tendency  for  this  pesticide  in  the  batch 
test  was  confirmed  in  the  column  test.  Meaimum  concentrations  in  batch  and 
column  tests  agreed  within  a  factor  of  2. 


Integrated  Approach 


As  discussed  in  the  preceding  section,  there  is  qualitative  agreement 
between  batch  and  column  leach  test  for  most  of  the  contaminants  in  Santa  Fe 
Channel  sediment.  When  the  batch  data  indicate  nonconstant  partitioning  with 
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peak  contaminant  concentrations  occurring  after  several  cycles  of  leaching, 
the  column  tests  generally  show  increases  in  contaminant  concentrations  after 
several  pore  volumes  have  been  eluted.  In  this  section,  the  extent  to  which 
batch  and  column  leach  tests  quantitatively  agree  is  discussed. 

An  integrated  approach  (Figure  V-19)  involving  predicted  and  observed 
column  elution  curves  is  used  to  make  quantitative  comparisons.  In  the 


Figure  V-19,  Integrated  approach  for  examining  the  source  term 

integrated  approach,  information  from  sequential  batch  leach  tests,  soils 
tests,  and  column  operation  conditions  are  used  in  a  contaminant  transport 
equation  to  predict  column  elution  histories.  The  one -dimensional  contaminant 
transport  equation  for  steady- flow,  saturated  columns  on  which  the  integrated 
approach  is  based  is  given  below  (Hill,  Myers,  and  Brannon  1988). 


+  S 
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where 

Dp  -  dispersion  coefficient  for  I**  contaminant,  cmVsec 
Cl  -  pore  water  concentration  of  I**  contaminant,  mg/L 
z  -  distance  from  water  entrance  to  sediment  column,  cm 
V  -  average  pore  water  velocity,  cm/sec 
t  -  time,  sec 

S  -  interphase  contaminant  transfer,  mg/L  sec 
Pb  -  bulk  density,  kg/L 
n  •>  porosity,  dimensionless 

-  solid  phase  concentration  of  i^  contaminant,  mg/kg 
Full  implementation  of  the  integrated  approach  to  leaching  of  contami¬ 
nants  from  estuarine  sediments  has  not  been  possible  because  a  mathematical 
formulation  of  the  interphase  contaminant  transfer  term  (S)  for  nonconstant 
partitioning  has  not  been  available  (Hyers  and  Brannon  1988;  Palermo  et  al. 
1989)  .  Development  of  a  complete  mix  equation  with  a  source  term  formulation 
that  captures  the  main  features  of  nonconstant  partitioning  and  application 
of  this  equation  to  Santa  Fe  Channel  sediment  are  described  below. 

Application  of  the  local  equilibrium  assxuaption  to  dredged  material 
(Myers,  Brannon,  and  Price  1992)  yields 


q  •  K^C 


(7) 


where  is  the  equilibriiim  distribution  coefficient,  L/kg,  and  is  contami¬ 

nant  and  sediment  specific.  Taking  the  derivative  with  respect  to  time  and 
assuming  is  a  constant  yields 
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Contaminant  transport  equations  based  on  equations  7  and  8  are  available  and 
have  been  applied  to  leaching  of  freshwater  sediments  (Environmental 
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Laboratory  1987).  These  models  predict  elution  curves  that  monotonically 
decrease  and,  therefore,  are  not  applicable  to  estuarine  sediments  for  which 
contaminant  concentrations  do  not  monotonically  decrease  in  either  batch  or 
colxjmin  leach  tests. 

For  nonconstant  K^,  equation  7  is  written  as 


q  -  -Kd(r)  C 


(9) 


where  Kd(T)  is  some  function  of  T  ,  the  number  of  pore  volumes  eluted. 

Since  the  nonconstant  characteristic  of  is  related  to  salt  elution  (Bran¬ 
non  et  al.  1991)  and  salt  elution  is  a  decaying  exponential,  K^(T)  is  written 
as 


K^iT)  -  K^)  exp(-^r) 


(10) 


where 

Kd°  -  initial  distribution  coefficient,  that  is,  before  salt  has  been 
washed  out,  L/kg 

-  freshwater  distribution  coefficient,  that  is,  after  salt  has  been 
washed  out,  L/kg 

P  •  empirical  coefficient,  dimensionless. 

Substituting  into  equation  9  from  equation  10  for  Kd(T)  and  taking  the  deriva¬ 
tive  with  respect  to  T  yields 


-  Ki)  - 

Through  the  proper  change  of  variable,  dq/dT  as  given  in  equation  11  can  be 
substituted  into  equation  6  and  then  into  equation  5.  The  result,  however,  is 
a  partial  differential  equation  for  which  there  are  no  published  solutions. 

The  equation  could  be  solved  numerically,  but  development  of  a  numerical  model 
for  nonconstant  partitioning  was  beyond  the  scope  of  this  study.  Instead,  a 
complete  mix  equation  was  developed  that  Includes  nonconstant  partitioning  but 


Kl  *  -  Ki)EXP{-pT)^ 


(11) 
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neglects  spatially  dependent  convective  and  dispersive  effects.  The  complete 
mix  equation  is 


^  .  Pb  dq  ^  dC 

^  —  -3T  -ar 


(12) 


Substituting  from  eqviatlon  11  for  dq/dT  yields 


dC 

■3T 


f 

EXP(-BT) 

-  1 

n 

n 

h 

kI  +  EXP(-fiT) 

(13) 


For  the  initial  condition  of  C(0)-Co  ,  the  solution  of  equation  13  is 


C(T) 


Co  EXP 


ln(jB+D) 


T 

1 


A 

1^ 


'A 


ln(B  +  D  EXP{-pT))\ 


(U) 


where 

A  -  ^  Pb  (V  -  Kd«)/n 
B  -  1  +  (pb  V)/n 
D  -  Pb  (Kd”  -  Kj')/n 

Setting  equation  13  equal  to  zero  yields 


(15) 


where 

Tp  -  number  or  pore  volumes  eluted  to  reach  the  peak  concentration 
Model  parameters  for  selected  contaminants  in  Santa  Fe  Channel  sediment 
are  presented  in  Table  V-26.  Also  presented  in  Table  V-26  are  Tp  values 
predicted  by  equation  15.  Model  parameters  were  obtained  by  analyzing 
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Table  V-26 


Model  Parameters  and  Predicted  Number  of  Pore  Volumes  Needed  to  Reach 
Peak  Concentrations  for  Selected  Contaminants .In 
Santa  Fe  Channel  Sediment 


Sediment /Metal 

- K? - 

-J— 

Tp 

Arsenic 

107 

12.5 

0.125 

24 

Cadmium 

281 

5.7 

0.285 

17 

Copper 

280 

5.0 

0.277 

17 

Lead 

1228 

2.4 

0.330 

20 

Silver 

76 

9.5 

0.147 

19 

Pyrene 

6893 

1296 

0.190 

39 

Fluoranthene 

13251 

2653 

0.180 

45 

Benzo [b , j , k] fluoranthene 

25421 

7705 

1.57 

6.8 

contaminant  desorption  isotherms  obtained  from  the  anaerobic  sequential  batch 
leach  data.  Desorption  isotherm  analysis  involved  finding  slopes  and  inter¬ 
cepts  and  Judgement  as  to  what  portions  of  the  Isotherms  to  include  in  the 
analysis.  For  some  contaminants,  the  desoirption  isotherms  were  not  well- 
defined,  so  that,  model  parameters  could  not  be  obtained. 

Comparison  of  Figures  V-12  -  V-15  with  the  predicted  Tp  values  in 
Table  V-26  shows  that  when  equation  15  is  used  with  coefficients  obtained  from 
batch  data  the  number  of  column  pore  volumes  required  for  appearance  of  peak 
concentrations  is  overestimated.  Benzo[b,J ,k} fluoranthene  was  the  only 
exception. 

Predicted  and  observed  elution  curves  are  shown  in  Figure  V-20  for  cad¬ 
mium  and  copper.  The  predicted  curves  are  based  on  equation  14  and  model 
parameters  listed  in  Table  V-26.  Predicted  and  observed  elution  cuirves  for 
cadmium  and  copper  were  selected  for  discussion  because  these  elution  curves 
represent  the  range  of  agreement  between  predicted  and  observed  elution  curves 
for  other  contaminants.  Figure  V-20  shows  that  the  complete  mix  model  with 
nonconstant  equilibrium  partitioning  simulates  the  rising  limb  of  the  cadmium 
elution  curve.  The  predicted  cadmium  curve  represents  about  the  best  the 
model  equation  can  do  using  batch  coefficients.  Figure  V-20  shows  that  the 
predicted  curve  for  copper  does  not  rise  high  enough  nor  does  it  rise  rapidly 
enough.  This  disparity  between  predicted  and  observed  copper  elution  curves 
occurs  for  other  contaminants  also.  Figure  V-20  also  shows  that  the  column 
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Figure  V-20.  Predicted  and  observed  elution  curves 
for  cadmium  and  copper 


leaching  studies  were  not  conducted  long  enough  to  clearly  define  the  location 
and  shape  of  the  peak  on  the  elution  curve. 

Equation  14,  however,  is  able  to  simulate  the  type  of  leaching  trends 
observed  in  the  batch  tests,  that  is,  increasing  concentrations,  followed  by 
decreasing  concentrations.  Equation  14  may,  therefore,  provide  a  starting 
point  for  modeling  nonconstant  partitioning  in  estuarine  sediments.  The 
model,  however,  tends  to  overestimate  the  location  of  peak  values  on  the  elu¬ 
tion  curves  for  Santa  Fe  Channel  sediment.  A  better  fit  for  the  model  could 
be  obtained  by  finding  column  best  fit  parameters,  but  the  emphasis  in  this 
study  was  on  testing  the  application  of  parameters  obtained  from  batch  data. 

A  solution  (analytical  or  numerical)  for  equation  5  with  the  formulation  for 
nonconstant  partitioning  given  in  equation  14  is  needed  to  fully  test  the 
adequacy  of  the  formulation. 


Leachate  from  dredged  material  placed  in  a  disposal  site  is  produced  by 
three  potential  sources:  the  original  pore  water,  or  interstitial  water  from 
the  dredged  material,  net  movement  of  precipitation  through  the  dredged  mate¬ 
rial,  and,  for  nearshore  sites,  ground  water  or  estuary  water  contacting  the 
dredged  material  as  a  result  of  tidal  pumping.  A  confined  disposal  facility 
(CDF)  adjoining  a  waterway  may  be  affected  by  tidal  pumping  if  the  CJF  walls 
are  permeable.  For  this  analysis,  the  assumption  was  made  that  CDfs  will  be 
sited  in  an  upland  location  where  tidal  pumping  is  not  a  factor. 

Leachate  generation  in  a  CDF  depends  on  dredged  material  hydraulic  con¬ 
ductivity,  initial  water  content,  and  local  hydrology.  After  filling,  dredged 
material  in  a  CDF  is  initially  saturated  (all  voids  are  filled  with  water) . 

As  evaporation  and  seepage  removes  water  from  the  voids,  the  amount  of  water 
stored  and  available  for  gravity  drainage  decreases.  After  some  time,  usually 
several  years,  a  quasi-equilibrium  is  reached  in  which  water  that  seeps  or 
evaporates  is  replenished  by  infiltration  through  the  surface.  The  amount  of 
water  stored  when  a  quasi-equilibrium  is  reached  and  the  amount  of  water 
released  before  a  quasi -equilibrium  is  reached  is  highly  dependent  on  local 
hydrology,  dredged  material  properties,  and  facility  design  factors.  To  pre¬ 
dict  time-varying  leachate  flow,  all  these  factors  must  be  considered. 

Preproject  estimation  of  leachate  flow,  therefore,  requires  coupled 
simulation  of  local  weather  patterns  and  surface  and  subsurface  processes 


governing  leachate  generation.  Important  climatic  processes  and  factors 
include  precipitation,  temperature,  and  humidity.  Important  surface  processes 
include  infiltration,  snowmelt,  runoff,  and  evaporation.  Important  subsurface 
processes  include  evaporation  from  dredged  material  voids  and  flow  in  unsatu¬ 
rated  and  saturated  zones.  The  Hydrologic  Evaluation  of  Landfill  Performance 
(HELP)  model  (Schroeder  et  al.  1988)  was  used  to  simulate  these  processes  for 
selected  CDF  designs  for  Inner  and  Outer  Oakland  sediments.  HELP  is  a  hydro- 
logic  water  budget  model  that  accounts  for  the  effects  of  surface  storage, 
runoff,  infiltration,  percolation,  evapotranspiration,  soil  moisture  storage, 
lateral  drainage  to  leachate  collection  systems,  and  percolation  through 
liners . 

Three  alternative  scenarios  were  selected  to  demonstrate  use  of  the  HELP 
model  for  estimation  of  percolation  rates  and  to  compare  control  measures  for 
a  CDF.  Scenarios  for  CDF  alternatives  with  3-ft  and  12-ft  (with  and  without 
liners)  depths  were  investigated.  The  volume  of  dredged  material  after  dis¬ 
posal  is  assumed  to  be  1.5  million  ciibic  yards  for  all  three  alternatives. 

The  alternatives  are  described  as  follows: 

a.  Scenario  A.  This  scenario  involves  disposal  of  Santa  Fe  Channel 
sediment  in  a  CDF  with  no  controls,  other  than  routine  management  of 
the  surface  to  provide  for  drainage  of  surface  runoff.  Fill  depth 
is  3-ft  and  the  surface  area  is  310  acres. 

b.  Scenario  B.  Scenario  B  is  the  same  as  scenario  A  except  that 
dredged  material  depth  is  12-ft  and  the  surface  area  is  77.5  acres. 

c.  Scenario  C.  This  scenario  introduces  a  composite  liner  to  reduce 
the  amount  of  leachate  percolating  through  the  bottom  of  the  CDF  for 
scenario  B.  The  liner  consists  of  a  1  ft  thick  barrier  soil  with  a 
hydraulic  conductivity  of  1  E-07  cm/sec  and  a  flexible  membrane 
liner. 

HELP  model  runs  for  each  of  these  scenarios  used  the  same  basic  param¬ 
eters.  Climatic  data  were  generated  for  a  ten  year  period  by  the  model,  based 
on  historical  climatic  data  for  the  San  Francisco  area.  A  Soil  Conservation 
Service  runoff  curve  number  of  88  was  used.  The  surface  of  the  CDF  was 
assumed  to  be  devoid  of  vegetation.  Dredged  material  was  assumed  to  be 
saturated.  Hydraulic  conductivity  was  estimated  to  be  2  E-07  cm/sec.  This 
estimate  is  based  on  engineering  data  for  Inner  and  Outer  Oakland  sediments 
(Lee  et  al.  1993).  Hydraulic  conductivity  as  a  function  of  void  ratio  is 
shown  in  Figure  V-21  for  Inner  and  Outer  Oakland  sediments.  The  void  ratio  of 
Santa  Fe  Channel  sediment  is  1.73.  For  this  void  ratio.  Figure  V-21  suggests 
a  hydraulic  conductivity  of  2  E-07  cm/sec.  Because  field  hydraulic 
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Void  Ratio 


Figure  V-21,  Hydraulic  Conductivity  versus  Void  Ratio  for 
Santa  Fe  Channel  Sediments  (from  Lee  et  al.  1992) 

conductivity  can  be  higher  Chan  laboratory  measurements  indicate,  the  HELP 
model  runs  were  conducted  using  2  E-06  cm/sec  as  the  hydraulic  conductivity. 
Since  dredged  material  placed  in  a  disposal  site  will  consolidate  and  develop 
lower  void  ratios  with  time,  a  value  ten  times  the  initial  hydraulic  conduc¬ 
tivity  is  a  reasonable  upper  bound  for  long  term  simulations. 

Table  V-27  lists  annual  percolation  into  foundation  soils  for  scenarios 
A-C  for  a  ten  year  simulation  period.  The  high  rates  during  the  early  years 
are  a  result  of  drainage  of  pore  water  with  the  material  when  initially  placed 
in  the  site.  By  the  tenth  year,  percolation  becomes  steady  for  all  three 
scenarios.  Scenario  A  has  the  highest  initial  percolation  rates,  and  sce¬ 
nario  C  has  the  lowest  initial  and  overall  percolation  rates. 

Table  V-27  also  presents  pore  volumes  eluted  from  the  alternative  GDFs 
over  the  10  year  period.  Pore  volumes  eluted  after  ten  years  represent  less 
water  contact  than  in  one  cycle  of  the  sequential  batch  leach  test.  One  cycle 
of  the  Si quential  batch  leach  test  is  equivalent  to  elution  of  6.5  pore 
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Table  V-27 


Percolation  Volumes  Predicted  bv  HELP  Rq^I 


JS&gnari9. 


A _  _ & _  _ £ 


Year 

Per 

T 

Per 

T 

Per 

T 

1 

6,700,094 

0.263 

3,622,240 

0.142 

4390 

0.0002 

2 

1,031,907 

0.303 

1,273,638 

0.192 

4256 

0.0003 

3 

487,183 

0.322 

740,225 

0.221 

4131 

0.0005 

4 

313,652 

0.334 

517,104 

0.241 

4084 

0.0007 

5 

228,395 

0.343 

393,028 

0.257 

4072 

0.0008 

6 

178,930 

0.350 

316,174 

0.269 

4071 

0.0010 

7 

146,514 

0.356 

263,613 

0.279 

4070 

0.0011 

8 

124,008 

0.361 

226,068 

0.288 

4081 

0.0013 

9 

106,756 

0.365 

196,569 

0.296 

4068 

0.0015 

10 

93,771 

0.369 

174,016 

0.303 

4067 

0.0016 

PER:  percolation  into  foundation  soils,  cu  ft. 

T:  pore  volume  eluted. 

volumes  of  Santa  Fe  Channel  sediment  at  the  in  situ  water  content.  Thus, 
during  the  period  of  maximum  percolation  rates  (first  two  years  after  fill¬ 
ing),  leachate  contaminant  concentrations  will  generally  be  at  the  concentra¬ 
tions  observed  in  the  first  cycle  of  the  sequential  batch  leach  test.  As 
previously  discussed,  leachate  contaminant  concentrations  in  the  first  cycle 
are  often  the  lowest  or  near  the  lowest  leachate  contaminant  concentrations 
observed  in  the  sequential  batch  leach  tests.  Maximum  leachate  concentrations 
will  occur  many  years  after  filling  is  completed  and  when  percolation  rates 
are  minimal. 

Since  worst-case  leachate  movement  will  require  many  years,  leachate 
quality  for  the  first  cycle  is  appropriate  for  comparison  to  assumed  regula¬ 
tory  limits.  Table  V-28  compares  first  cycle  leachate  to  assumed  regulatory 
limits  issued  by  the  California  Regional  Water  Quality  Control  Board  and  the 
assuuned  maximum  contaminant  levels  (MCLs)  established  under  the  Safe  Drinking 
Water  Act.  The  assumed  MCLs  were  not  exceeded  by  any  of  the  leachate  data. 

The  assumed  effluent  or  discharge  limits  for  copper  and  zinc  were  exceeded. 

The  assumed  receiving  water  limits  were  exceeded  for  all  contaminants. 
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Step  1 

Step  1 

Maximum 

Receiving 

Anaerobic 

Aerobic 

Contaminant 

Effluent 

Water 

Constitue^it; 

Limits 

Arsenic 

26.6 

22.5 

50 

50 

1 

Cadmium 

0.91 

0.54 

10 

1.8 

0.65 

Chromium 

6.32 

2.1 

50 

16 

98 

Copper 

9.79 

27.8 

9.2 

6.5 

Mercury 

0.05 

0.082 

2 

2.4 

0.012 

Zinc 

73.7 

41.0 

65 

59 

Tributyltin 

0.006 

0.006 

0.08 

0.02 

PART  VI:  CONCLUSIONS  AND  RECOMMENDATIONS 


Santa  Fe  Channel  sediment  metal  concentrations  are  in  the  range  of  those 
found  in  normal  agricultural  soils  with  the  exception  of  nickel.  Santa  Fe 
Channel  sediment  contains  nickel  concentrations  at  the  maximum  concentration 
allowed  for  agricultural  production.  Sediment  butyltin  concentrations  are  low 
at  15  ppb,  but  are  higher  than  found  at  a  previous  tested  upland  reference 
disposal  site  at  Twitchell  Island.  Santa  Fe  channel  sediment  contains  some 
PAHs  at  concentrations  higher  than  Twitchell  Island.  Santa  Fe  sediment  con¬ 
tained  approximately  200  ppb  DDT  and  DDD  which  has  given  rise  to  concern. 

Neomvsis  exposed  to  the  Santa  Fe  channel  sediment  modified  elutriate 
demonstrated  no  toxicity.  The  Santa  Fe  sediment  therefore  appears  to  have 
very  little  potential  for  adversely  affecting  marine  aquatic  organisms. 

Contaminants  in  surface  runoff  from  the  Santa  Fe  channel  sediment  was 
mostly  bound  to  the  sediment  particulates.  Significant  qiiantities  of  arsenic, 
cadmium,  chromium,  copper,  zinc,  tributyltin,  and  4,4-DDT  could  be  eroded  from 
an  upland  disposal  site  during  the  wet,  unoxidized  stage  if  the  suspended 
solids  were  not  removed  from  the  runoff.  Only  arsenic  exceeded  any  of  the 
assumed  criteria  for  soluble  contaminants.  Potential  surface  runoff  water 
quality  problems  during  the  wet,  unoxidized  period  of  upland  uisposal  would 
therefore  be  mostly  associated  with  erosion  of  particulates.  Management  of 
the  upland  disposal  site  to  remove  particulates  from  surface  runoff,  would 
remove  90  to  99  percent  of  all  contaminants  In  surface  ninoff.  A  very  small 
mixing  zone  ratio  of  3  to  1  would  be  required  to  dilute  soluble  arsenic  to  the 
assumed  Receiving  Water  Quality  Limitation  standard. 

Potential  problems  in  surface  runoff  from  dry,  oxidized  sediments  are 
similar  to  those  in  surface  runoff  from  the  wet,  unoxidlzed  sediment.  Again 
only  soluble  arsenic  exceeded  the  assumed  Receiving  Water  Quality  Limitation 
standard  in  both  sediments.  Consideration  of  a  small  mixing  zone  and  removal 
of  the  suspended  solids  should  eliminate  the  need  for  further  restrictions 
particularly  with  regard  to  treatment  of  soluble  contaminants.  A  mixing  zone 
of  less  than  10  to  1  would  be  required  to  dilute  unfiltered  contaminant  con¬ 
centrations  to  less  than  or  equal  to  the  strictest  assumed  criteria,  and  a 
mixing  zone  of  about  3  to  1  would  be  required  for  soluble  arsenic. 

Exposure  of  sensitive  test  animals  to  Santa  Fe  sediment  runoff  water 
showed  little  potential  for  aquatic  toxicity.  Mean  survival  was  usually 
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greater  than  90  percent  for  all  treatments.  These  bioassays  do  not,  in  any 
way,  indicate  aquatic  toxicity  associated  with  this  runoff  water. 

Sequential  batch  and  column  leach  tests  indicated  a  complicated  leaching 
process  for  contaminants  in  Santa  Fe  sediment.  A  progressive  increase  in 
contaminant  concentrations  was  observed  as  the  sediment  was  washed  in  sequen¬ 
tial  batch  leach  tests  or  continuously  washed  in  column  leach  tests.  The 
batch  tests  indicated  that  peak  concentrations  occurred  after  most  sediment 
salts  were  washed  out.  Thereafter,  concentrations  tended  to  decrease.  Column 
leach  data  were  in  general  agreement  with  increasing  concentration  trends 
followed  by  decreasing  concentration  trends,  although  the  duration  of  the 
column  tests  was  not  sufficient  to  establish  decreasing  trends  for  some 
contaminants . 

For  the  type  of  leaching  behavior  observed,  initial  pore  water  quality 
in  a  confined  disposal  facility  for  Santa  Fe  dredged  material  does  not  repre¬ 
sent  worst-case  leachate  quality.  Leachate  quality  will  get  progressively 
worse  until  the  salt  content  of  the  sediment  has  been  removed.  The  time 
required  to  reach  maximum  leachate  contaminant  concentrations  may  be  on  the 
order  of  hundreds  of  years,  depending  on  climatic  conditions  and  disposal 
site-specific  engineering  controls. 

Comparisons  of  initial  contaminant  concentrations  in  batch  leachates  to 
assumed  regulatory  criteria  indicated  no  exceedances  of  assumed  drinking  water 
limits.  Assumed  state  of  California  effluent  and  receiving  water  limits  were 
exceeded.  When  sufficient  rainwater  has  percolated  through  the  dredged  mate¬ 
rial  for  peak  contaminant  concentrations  to  occur  (probably  hundreds  of 
years),  present  assumed  drinking  water  criteria  for  arsenic  and  chromium  will 
probably  be  exceeded. 

Evaluation  of  leachate  controls  using  the  Hydrologic  Evaluation  of  Land¬ 
fill  Performance  (HELP)  computer  model  showed  that  initial  leachate  generation 
is  primarily  due  to  drainage  of  excess  water  in  the  dredged  material. 

Leachate  generation  rates  can  be  reduced  by  reducing  the  surface  area  of  the 
disposal  site  and  by  constructing  a  composite  liner. 
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APPENDIX  A:  SEDIMENT  COLLECTION  AND  CHEMICAL  CHARACTERIZATION 
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2.0  FIELD  SAMPLING 


2.1  INTRODUCTION  AND  OBJECTIVES 


The  goal  of  the  field  sampling  was  to  collect  samples  appropriate  for 
determination  of  the  horizontal  and  vertical  distribution  of  chemicals  in  the 
sediments.  Specific  objectives  were  as  follows: 

1.  To  collect  sediment  cores  from  42  sites  in  Richmond  Harbor  Channel 
to  project  depth  of  “38  ft  MLLW  plus  1  ft  overdraft  plus  1  ft  of 
exposed  sediment  (Figure  3).  Sediment  from  26  of  these  cores  were 
to  undergo  bulk  sediment  analysis  only;  the  remaining  16  were  to  be 
archived  for  possible  future  analysis. 

2.  To  collect  five  cores  from  the  proposed  turning  basin  in  Richmond 
Harbor  Channel  and  one  core  from  the  proposed  widening  area  at  the 
junction  of  Richmond  Harbor  and  Santa  Fe  Channels  (Figure  3). 

These  areas  have  not  been  previously  dredged  and  the  cores  from 
these  areas  were  expected  to  be  20  to  35  ft  long.  Samples  prepared 
from  these  sediment  cores  will  undergo  bulk  sediment  analyses  only. 

3.  To  collect  sediment  cores  from  60  sites  in  Santa  Fe  Channel  to 
project  depth  of  -38  ft  plus  1  ft  overdraft  and  1  ft  exposed 
sediment  to  a  total  depth  of  -40  ft  MLLW.  The  60  sites,  divided 
into  18  sites  in  Reach  A,  18  in  Reach  B,  and  24  in  Reach  C  (Figure 
4),  were  chosen  by  USAGE'S  Waterways  Experiment  Station  (WES)  in 
Vicksburg,  MS.  Following  a  compositing  scheme  designed  by  WES, 
sediments  from  these  cores  were  to  undergo  bulk  sediment, 
interstitial  water,  and  elutriate  chemistry  analyses. 

4.  To  collect  ten  gallons  of  water  from  the  center  of  Santa  Fe 
Channel  for  use  in  elutriate  sample  preparation. 


Field  sampling  operations  were  initiated  on  April  3,  1989  and  completed 
on  April  12,  1989.  Of  the  total  108  sediments  stations  planned  for  sampling, 
96  sites  were  actually  sampled  (Figures  3  and  4).  Twelve  sediment  samples  in 
Santa  Fe  Channel  were  not  collected  because  the  sediment  surface  was  already 
below  the  project  depth  (-38  ft  MLLW  plus  1  ft  overdraft  and  1  ft  exposed 
surface)  (Figure  4).  The  48  sampling  sites  in  Richmond  Harbor  Channel 
(Figure  3)  were  chosen  by  USAGE  and  Battelle  following  completion  of  Task  1 
(Background  Data  Collection). 

The  42  cores  from  Richmond  Harbor  Channel  (Objective  1)  and  the  60  from 
Santa  Fe  Channel  (Objective  3).  will  be  referred  to  as  short  cores,  as  most 
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were  expected  to  be  less  than  10  ft  long.  The  six  cores  from  the  undredged 
areas  (Objective  2)  are  referred  to  as  long  cores.  In  Richmond  Harbor 
Channel,  13  stations  were  successfully  sampled  with  the  gravity  corer.  The 
six  long  core  stations  (Stations  Rl-l-W-1  and  RI-l-TC-1  through  RI-l-TC-5) 
were  sampled  with  the  vibratory  corer  as  were  the  remaining  29  short  core 
stations  in  Richmond  Harbor.  In  Santa  Fe  Channel,  48  stations  were 
successfully  cored  with  the  vibratory  corer,  and  12  sites  were  not  attempted 
because  the  sediment  surface  was  already  below  project  depth.  Approximately 
ten  gallons  of  water  was  collected  from  the  center  of  Santa  Fe  Channel  for 
laboratory  preparation  of  elutriate  samples.  Sample  collection  information 
is  summarized  in  Table  1. 

2.2  VESSELS  AND  NAVIGATION 

A  total  of  four  vessels  were  used  to  complete  the  field  sampling:  two 
tugboats,  a  derrick  barge,  and  an  inflatable  boat.  Different  vessels  were 
required  for  the  operation  of  each  of  the  two  types  of  core  samplers:  a 
gravity  corer  and  vibratory  corer.  The  core  samplers  are  described  in  the 
Section  2.3.1.  The  40-ft  tugboat  California  Eaole,  operated  by  Tom  Decker  of 
Slackwater  Towboat  Company  of  Richmond,  California,  was  used  for  gravity 
coring.  Vibratory  coring  operations  took  place  aboard  a  derrick  barge 
provided  by  Manson  Pacific  Construction  and  Engineering  Company  of  Richmond. 
The  derrick  barge,  DB-17 ,  was  a  112-X'52-ft  platform  with  a  130-ft  crane. 

The  barge  was  maneuvered  by  the  tugboat  Bearcat ,  operated  by  skipper  Joe 
Wirth  and  Bill  Hammond  of  Westar  Marine  Services. 

Navigation,  or  positioning  on  the  sampling  sites,  was  provided  by  a  team 
of  two  licensed  surveyors  from  Land  and  Sea  Surveys  of  Ventura,  California. 
The  fourth  vessel,  a  small  inflatable  boat,  was  operated  by  one  surveyor, 
while  the  second  surveyor  worked  from  a  survey  control  point  on  shore. 
Sampling  sites  were  located  using  a  Geoaometer  laser/ range  azimuth 
positioning  system,  and  marked  by  a  retrievable  buoy.  The  surveyors  also 
recorded  the  actual  water  oepth  at  the  station,  then  applied  a  tiaal 
correction  for  the  time  to  oDtain  a  corrected  deptn  relative  to  MLLW. 

Portable  radios  were  used  to  communicate  information  between  surveyors, 
scientists,  and  vessel  crews.  If  the  corrected  depth  at  the  sampling  station 
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TABLE  1.  Sample  Collection  Information  for  Santa  Fe  and  Richmond  Harbor  Channels 
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Short  Cores:  Santi  Fe  Channel  (continued) 
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was  too  deep  to  collect  sufficient  sediment  for  analysis  and/or  archiving, 
the  station  was  relocated  as  closely  as  possible  to  the  original  location. 

The  surveyor  in  the  small  boat  would  circle  the  station  while  watching  the 
fathometer  until  an  appropriate  depth  was  found.  The  buoy  would  then  be 
reset  and  the  revised  coordinates  and  new  depth  recorded.  In  Richmond  Harbor 
Channel,  revised  locations  were  generally  closer  to  the  edge  of  the  channel. 

In  Santa  Fe  Channel,  if  a  station  could  not  be  relocated  within  a  25-ft 
radius  of  the  original  station,  the  entire  grid  square  was  assumed  to  be  too 
deep  and,  therefore,  was  not  sampled. 

2.3  SAMPLING  EQUIPMENT  AND  PROCEDURES 

2.3.1  Sediment  Samples 

2. 3. 1.1  Introduction 

Sediment  core  samples  from  Richmond  Harbor  and  Santa  Fe  Channels  were 
collected  with  one  of  two  types  of  coring  devices.  Because  most  core  lengths 
were  not  expected  to  exceed  ten  feet  (short  cores),  it  was  planned  that 
sampling  at  most  sites  would  be  attempted  with  a  gravity  corer.  At  sites  in 
previously  undredged  areas  (long  cores)  and  where  the  gravity  corer  was 
unsuccessful,  a  vibratory  hammer  corer  was  to  be  used.  Both  the  gravity 
corer  and  vibratory  corer  accommodate  a  3.625-in  inner  diameter  core  liner  of 
polycarbonate  Lexan.  All  core  liners  were  steam-cleaned  prior  to  use.  The 
procedures  for  collecting  cores  with  these  two  types  of  corers  are  detailed 
in  the  following  sections. 

2. 3. 1.2  Gravity  Coring 

The  gravity  coring  device  was  designed  to  drop  through  the  water  column 
and  penetrate  sediments  under  its  own  weight  and  momentum.  The  device 
consisted  of  a  10-ft  core  barrel  with  a  4-in  inner  diameter,  capable  of 
collecting  an  8-ft  core  (Figure  5).  The  lower  end  of  the  barrel  was  threaded 
to  accommodate  a  cutter  head  designed  to  collect  a  relatively  undisturbed 
sample.  Three  fins  were  welded  to  the  top  end  of  the  core  barrel  to  prevent 
deflection  as  it  dropped.  A  bolt  through  the  core  barrel  held  the  top  of  the 
core  liner  in  place,  and  a  bail  welded  over  the  top  of  the  barrel  connected 
it  to  the  haul  cable. 
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FIGURE  5.  GRAVITY  CORER  USED  TO  COLLECT  RICHMOND  HARBOR  SEDIMENT. 
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To  collect  a  gravity  core,  a  10-ft  section  of  Lexan  core  liner  was 
loaded  into  the  core  barrel.  One  or  more  core  retainers  were  inserted  into 
the  lower  end  of  the  core  liner,  after  which  the  cutter  head  was  screwed  on 
to  secure  the  core  liner  in  the  barrel.  The  gravity  corer  was  deployed  from 
a  20-ft  jib  mounted  on  the  stern  of  the  tugboat  California  Eaole.  When  the 
vessel  was  on  site,  the  corer  was  lowered  to  the  water  surface  and  allowed  to 
free  fall  through  the  water  column  and  penetrate  the  sediment.  A  winch 

powered  by  compressed  air  was  used  to  retrieve  the  corer  onto  the  deck.  The 

full  core  liner  was  removed  from  the  barrel  and  measured  from  the  mud  line  to 

the  bottom  of  the  core.  If  the  attempt  was  successful  (i.e.,  the  full 

required  core  depth  was  collected),  the  core  was  capped,  labeled,  cut  into 
sections,  and  stored  as  described  in  Section  2. 3. 1.4.  If  the  attempt  was 
unsuccessful  and  the  required  length  was  not  collected,  additional  attempts 
were  made.  If  these  also  proved  unsuccessful,  the  site  was  revisited  with 
the  vibratory  corer. 

2. 3. 1.3  Vibratory  Hammer  Coring 

The  vibratory  coring  apparatus,  operated  by  Manson  Pacific,  consists  of 
a  50-ft  long,  4-in  inner  diameter  core  barrel.  Depending  on  the  length  of 
core  required,  the  barrel  can  be  loaded  with  10-,  20-,  30-,  or  40-ft  sections 
of  Lexan  core  liner.  The  core  retainer  and  cutter  head  assemblage  is  the 
same  as  that  used  on  the  gravity  corer.  The  outside  of  the  barrel  is  marked 
at  1-ft  intervals  to  measure  the  depth  of  penetration  as  the  corer  descends. 
The  top  end  of  the  vibracore  barrel  connects  to  a  6-ton  electric  vibrating 
hammer  suspended  from  the  150-ft  boom  of  the  crane  aboard  the  derrick  barge 
DB-17. 

To  collect  a  vibracore  sample,  the  barge  was  first  maneuvered  into 
position  by  the  tugboat  Bearcat  and  then  two  stern  anchors  and  one  bow  anchor 
were  set.  To  save  time  in  anchoring,  the  barge  was  usually  positioned  where 
several  sites  could  be  sampled  without  reanchoring.  The  crane  was  used  to 
lift  the  vibratory  hammer  and  core  barrel  off  the  barge  deck  and  to  suspend 
them  over  the  water.  The  hammer  was  then  coupled  to  the  barrel  and  the 
apparatus  slowly  lowered  through  the  water  at  the  sampling  site.  If  the 
weight  of  the  vibratory  hammer  alone  was  not  enough  to  push  the  core  barrel 
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to  sufficient  depth,  the  hammer  was  switched  on  to  vibrate  the  corer  down 
through  the  sediment  until  the  necessary  depth  was  achieved.  The  crane  then 
raised  the  core  barrel  out  of  the  water  and  lowered  it  onto  the  deck.  The 
sediment-filled  core  liner  was  pulled  from  the  barrel  and  measured. 

Additional  attempts  were  made  at  the  site  if  an  insufficient  amount  of 
sediment  was  collected  on  the  first  try.  If  the  core  sample  was  long  enough, 
the  core  was  capped,  labeled,  cut  into  sections,  and  stored  in  a  freezer  at 
4“C  on  board  the  sampling  vessel. 

2. 3. 1.4  Core  Sample  Handling 

Once  a  core  was  collected,  it  was  measured  to  see  if  sufficient  sediment 
was  recovered.  Successful  core  samples  were  then  capped,  labeled,  and  cut 
into  sections.  Short  cores  from  Richmond  Harbor  Channel  were  cut  into  upper 
(shallower  than  -39  ft  MLLW)  and  lower  (deeper  than  -39  ft  MLLW)  sections. 

The  upper  section  represents  the  material  to  be  dredged  from  the  channel, 
while  the  lower  section  represents  material  that  would  be  exposed  as  a  result 
of  dredging.  Cores  of  the  material  to  be  exposed  (deeper  than  -39  ft  MLLW) 

from  each  reach  (A,  B,  and  C)  of  Santa  Fe  Channel  were  cut  to  one-foot  in 

length  (-39  to  -40  ft  MLLW).  The  lower  sections  of  all  short  cores  and  the 
upper  sections  of  16  of  the  short  cores  from  Richmond  Harbor  Channel  were  to 
be  archived  intact  for  possible  future  analyses.  These  sections  were  flagged 
with  fluorescent  tape  as  well  as  labeled  for  ease  in  sample  tracking.  Any 
sections  that  exceeded  five  feet  in  length  were  cut  into  two  shorter  pieces 

to  facilitate  handling  and  storage.  Long  cores  from  the  proposed  wioening 

and  turning  areas  (Station  RI-l-W  and  RI-l-TC  stations)  were  also  cut  into 
5-ft  sections.  The  sealed  core  sections  were  stored  in  a  freezer  at  4°C 
aboard  the  sampling  vessel  until  the  end  of  the  day,  when  they  were 
transferred  to  a  refrigerated  truck.  Sediment  sample  chain-of-custody 
records  were  keot  up-to-date  daily  as  cores  were  loaded  onto  the  truck. 

2.3.2  Wate-  Samp  lino 

A  vacuum  pump  was  used  to  collect  water  samoles  from  Santa  Fe  Channel. 
Water  from  18  in  below  the  surface  was  pumoed  through  acid-cleaned,  solvent- 
rinsed  Teflon  tubing  into  clean,  labeled  5-gal  glass  carboys.  Each  carboy 
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was  sealed  with  a  clean  neoprene  stopper  lined  with  clean  sheet  Teflon,  then 
stored  at  aboard  the  sampling  vessel.  At  the  end  of  the  day,  the  water 
samples  were  transferred  to  a  refrigerated  truck,  where  they  were  held  at  4°C 
until  delivery  to  Battelle  MSL  in  Sequim,  Washington.  A  water  sample  chain- 
of-custody  record  was  initiated  when  samples  were  loaded  onto  the  truck. 

2.4  FIELD  SAMPLING  RESULTS 

2.4.1  Short  Cores:  Richmond  Harbor  Channel  and  Santa  Fe  Channel 

The  initial  field  sampling  strategy  called  for  attempting  all  the  short 
core  stations  (Stations  RI-l-C-1  through  RI-l-C-42  and  Stations  SA-1  through 
SC-60)  (Figures  2,3,4)  with  the  small  tug  and  gravity  corer,  then  returning 
to  any  unsuccessful  sites  with  the  barge  and  vibracorer.  After  spending 
April  5  and  6  gravity  coring  aboard  the  Cal ifornia  Eagle ,  it  was  evident  that 
the  barge  and  vibracorer  combination  would  be  more  effective  and  efficient. 

In  those  two  days,  over  40  sampling  attempts  were  made  at  31  stations  in  both 
Richmond  Harbor  and  Santa  Fe  Channels.  When  a  particularly  stiff  layer  of 
sediment  was  encountered,  the  weight  of  the  gravity  corer  was  not  sufficient 
to  penetrate  the  sediment  to  the  required  depth.  If  a  successful  sample 
(i.e.,  sufficiently  long)  could  not  be  collected  after  2  or  3  attempts,  the 
^ite  was  revisited  with  the  barge  and  vibracorer.  At  nine  stations  in 
Richmond  Harbor  Channel  and  one  station  in  Santa  Fe  Channel  (single  asterisks 
in  Table  1),  the  core  collected  was  shorter  than  -40  ft  MLLW  but  longer  than 
-39  ft  MLLW.  These  cores  were  not  resampled  because  the  USAGE  representative 
on  board  pointed  out  that  the  bottom  sections  were  going  to  be  archived  and 
it  was  not  worth  the  extra  effort  to  resample  for  the  few  missing  inches  of 
core.  Thirteen  Richmond  Harbor  Channel  stations  were  successfully  sampled 
with  the  gravity  corer  (Table  1).  The  remaining  29  short  cores  in  Richmond 
Harbor  Channel  and  all  of  the  cores  in  Santa  Fe  Channel  were  collected  by 
vibratory  coring  as  oescribed  in  Section  2, 3. 1.3. 

Vibratory  coring  commenced  on  April  7  in  Santa  Fe  Channel.  Successful 
short  cores  were  obtained  from  12  sites  on  the  first  day,  and  25  sites  on  the 
second  day.  Of  the  60  stations  in  Santa  Fe  Channel,  12  we-e  already  below 
project  depth  (below  -40  ft  MLLW):  SB-31,  SB-32,  SC-37,  SB-34,  SC-40,  SC-43, 
SC-46,  SC-49,  SC-52,  SC-53.  SC-55,  SC-58  (Figure  4).  One  site,  SB-28,  was  so 
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deep  that  only  the  lower  section  (between  -39  and  -40  ft  MLLW)  could  be 
sampled.  Most  of  these  sites  are  on  the  northwest  edge  of  the  channel 
between  the  mouth  of  Lauritzen  Canal  and  the  junction  with  Richmond  Harbor 
Channel.  The  remaining  Santa  Fe  Channel  sites  were  sampled  early  on  the 
third  day  (April  9),  then  the  barge  moved  into  Richmond  Inner  Harbor  Channel 
and  successfully  cored  at  eight  stations.  Short  cores  from  all  21  remaining 
Richmond  Harbor  Channel  stations  were  collected  with  the  vibratory  corer  on 
April  10. 

2.4.2  Long  Cores  (Undredqed  Areas) 

The  USAGE  plan  for  improvements  in  Richmot.d  Harbor  calls  for  widening 
the  entrance  to  Santa  Fe  Channel  and  for  a  large  turning  basin  east  of  Point 
Potrero.  To  characterize  the  sediments  from  these  previously  undredged 
areas,  it  was  necessary  to  collect  undisturbed  cores  that  were  20  to  35  ft  in 
length.  One  core  from  Station  RI-l-W-1  was  intended  to  represent  the 
material  to  be  removed  from  widening  the  entrance  to  Santa  Fe  Channel.  This 
site  was  visited  on  April  9.  The  first  attempt  (Station  RI-l-W-1)  resulted 
in  sufficient  penetration  of  sediment  (25  ft),  but  the  sediment  was  not 
retained  in  the  cc-e  liner.  The  site  was  relocated  to  slightly  deeper  water 
(Station  RI-l-W-lA)  and  a  second  attempt  made.  On  this  attempt,  the  cutter 
head  and  bottom  of  the  core  liner  were  plugged  with  approximately  two  feet  of 
gravel  and  pebbles  embedded  in  very  stiff  clay.  Even  though  the  core  barrel 
had  penetrated  the  sediment  to  -40  ft  MLLW,  the  gravel  and  clay  encountered 
near  the  surface  prevented  any  more  material  from  entering  the  barrel  as  it 
pushed  down  through  the  sediment.  The  material  collected  from  Station 
RI-l-W-lA,  though  it  was  not  an  undisturbed  core,  was  capped  and  sealed  in  a 
short  section  of  Lexan  (approximately  two  feet  long)  and  saved  for  analysis. 

Five  sampling  sites  were  located  in  the  proposed  turning  basin  east  of 
Point  Potrero  (Figures  2  and  3).  Corrected  mudline  depths  at  these  stations 
(RI-l-TC-1  through  RI-l-TC-5)  ranged  from  -5.2  to  -20.1  ft  MLLW,  reauiring 
cores  20  to  25  ft  in  length.  Vibracoring  at  these  stations  was  completed  on 
April  11,  although  one  unsuccessful  attempt  at  Station  RI-i-TC-1  was  made  on 
April  10.  Because  water  was  too  shallow  for  sampling,  Station  RI-l-TC-3  had 
CO  be  relocated  163  ft  west  of  the  planned  site  and  was  then  called  Station 
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RI-1-TC-3A.  At  all  five  stations,  markings  on  the  core  barrel  indicated 
penetration  of  sediment  to  -40  ft  MLLW.  However,  in  all  cases,  the  amount  of 
sediment  retrieved  in  the  core  was  less  than  the  required  core  length  (double 
asterisks  in  Table  1).  Geologists  often  credit  this  loss  to  compaction  of 
the  sediment  as  the  core  barrel  pushes  through  deeper  sediment. 

Alternatively,  compacted  sediments  in  the  core  may  have  prevented  some 
material  from  entering  the  core  if  that  new  material  was  less  compact  than 
the  material  already  in  the  core.  Apparent  core  loss  is  discussed  in  more 
detail  in  Section  3.6.2. 

To  minimize  vibration  as  the  long  cores  were  taken,  the  core  barrel  was 
allowed  to  drop  through  the  sediment  as  far  as  possible  before  the  vibratory 
hammer  was  turned  on.  Because  the  entire  length  of  the  long  cores  was  to  be 
examined  by  a  geologist  in  the  laboratory,  the  cores  were  cut  into  5-ft 
pieces  rather  than  divided  into  upper  and  lower  sections.  The  results  of  the 
geological  analysis  of  the  turning  basin  cores  is  presented  in  Section  3.6. 

2.4.3  Water  Samples 

On  April  8,  approximately  10  gal  of  subsurface  water  was  collected  near 
the  center  of  Santa  Fe  Channel,  40-ft  northeast  of  station  5B-35.  Three 
carboys  were  each  filled  about  two-thirds  full  to  obtain  a  total  of  at  least 
10  gal  of  water. 
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APPENDIX  A 

Sediaent  Chemical  Characterization 
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Sedinent  Phyaical  Characterization 
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APPENDIX  B:  EFFLUENT  TEST 
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APPENDIX  C:  SURFACE  RUNOFF  TEST 
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APPENDIX  D;  LEACHATE  TEST 


KEY 

Sediment  :  R  -  Richmond  Harbor 


Condition  :  AN  -  Anaerobic 
A  -  Aerobic 

Type  :  S  -  Sequential  Extract 

K  -  Kinetic  Extract 

Day  D  -  1  through  10.  Day  1  through  Day  10 

Column  Leachate  Sample:  1  through  26 

Parameter  :  MET  -  Metals 

PAH  -  Petroleum  aromatic  hydrocarbons 
TBT  -  Butyltins 
PEST  -  Pesticides 
0  -  Organics 
M  -  Metals 

Examples : 


RANK  TBT  Dl-1  :  Richmond,  Anaerobic,  Kinetic,  Tributyltin,  day  1,  Rep  1 
RANS  PAH  D5-3  :  Richmond,  Anaerobic,  Sequential,  PABs,  day  5,  Rep  3. 
RO-14->5:  Richmond,  Organics,  Columnn  14,  leachate  sai^le  5. 

RM-7'-20:  Richmond,  Metals,  Column  7,  leachate  sample  20. 
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WES  RICHMOND  (CF  #322) 
WATER  METAL  RESULTS 
(concantfallow  In  uo/L  (ppb)) 
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WES  RICHMOND  (CF  #32^ 
WATER  METAL  RESULTS 
(conconlratlons  In  uq/L  (Dpb» 
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WATER  METAL  RESULTS 
(concantfattena  In  ug/L  (ppbH 


€V 

Ol 


£ 


<  <i 


•5  SI 


^  5 


^  I 


^  « 
a.x> 
E  E 

«l  3 

«o  z 


< 

S 

g 

a 

UJ 

§ 

I 

111 

K 

O 

5 

o 


m 


n  to  ■r~ 
o  w  o  »- 
d  d  T  ^ 


<  <  <  < 

z  z  z  z 


•o 

• 

z  • 

z  • 

r  5 

•  m 

o  > 


^  CM 

o.  a. 

<B  a 

cc  a 
tn  <n 

55 

CO  <0 


®  ^  ^  ^ 
o  «o  n  o 
«s|  <s|  <N  'H 


z> 

^  ID  d 

h«. 

0  0^0 
d  d  9  0. 

d 

CM 

W 

41 

3 

d  0 

O  CA  O 


^  lA  ^  M 
CO  0»  CO  X 
•  •  • 

CM  d  ^  -H 


01  CM  <0  CM 
^  O  CO  4< 


d 

0» 

€0 

CO 

0 

1^ 

Dl 

CM 

U) 

d 

CM 

00 

d 

CO 

CO 

CO 

44 

CM 

CM 

41 

^  0»  K  «D 
O  h«  O  O 

d  ^  d 


O  ^  CD  ^ 
CD  ^  CO  O 

d  05 


^  <0  0»  <0 

«  d  ^  +* 


CD  O  CD 

0>  01  CO  o 
^  ^  ^  •tI 


:z  •• 

s  • 

o  « 

o  > 


<  <  <  < 

z  z  z  z 


CO 

to 


K  rs.  o  CM 


CO  •+< 

CO  CO 


r  2 

•  m 

o  > 


O  CM  S 

^  10  R 

^ 


iil 


o 

^  d 

CM  -H 


S2 


*0 


z  # 

r  2 

•  • 

o  > 


■r-  CM 

CM 

0.  g. 

a  a. 

0  9 

a 

•  <0 

cc  a: 

cc  cc 

CD 

a: 

JO  JO 

0  0 

JO 

CO  CO 

CO  CO 

S  3 

3  3 

2 
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WATER  METAL  RESULTS 
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U  ■  Indicates  below  detection  limit. 
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339TBT.DATA 


7/22/91 

WES  RICHMOND  (CF  «339) 

ORGANOTtN  ANALYSIS 
OF  WATER  SAMPLES 


(concantrations  In  ng/LI 


MSLCode 

Sponsor  Code 

Tripentyi 
%  Surrogate 

Ttttra 

Tin 

Tributyl 

Tin 

Dibutyl 

Tin 

Monobutyl 

Tin 

339-1 

RID-1-PAHF 

112.36 

1.8  U 

2.1  U 

1.9  U 

8.1  6 

339-2 

R1D-1-PAHU 

63.22 

3.7 

9.5 

12.7  B 

14.4  B 

339-3 

RiD-1-RO 

120.27 

3.3 

2  U 

4.5  B 

8.4  B 

339-4 

RID-2-PAHF 

48.97 

1.8  U 

2.1  U 

1.8  U 

4.1  B 

339-5 

RID-2-PAHU 

98.05 

1.6  U 

9.1 

15.1  B 

17.6  B 

339-6 

RID-2-RO 

106.53 

1.5  U 

1.7  U 

3  B 

6.2  B 

339-7 

RID-3-PAHF-1 

131.12 

1.6  U 

1.9  U 

1.6  U 

11.1  B 

339-8 

RID-3-PAHF-2 

124.77 

1.4  U 

1.6  U 

1.4  U 

14.5  B 

339-9 

RID-3-PAHU-1 

96.40 

1.4  U 

10.1 

12.4  B 

13.0  B 

339-10 

RID-3-PAHU-2 

100.98 

1.3  U 

10.1 

12.2  B 

17.7  B 

339-11 

RID-3-RO 

115.17 

1.6  U 

1.6  U 

1.6  U 

15.8  B 

U  .  Indicates  analyte  not  detected  above  detection  limits. 

B  indicates  analyte  detected  in  method  blank  associated  with  sample 

METHOD  BLANK  RESULTS 


339-BLANK-I  147.33 

BLANK  AND  MATRIX  SPIKE  RECOVERIES 

339-4-SPIKE  127.75 

%  Recovery 

•  339-10-SPIKE  107.32 

%  Recovery 


1.5  U 

1.8  U 

1.7 

9.5 

31.3 

93.8 

78.3 

63.2 

16% 

47% 

39% 

41% 

100.5 

152.1 

1123.2 

77.9 

50% 

71% 

55% 

30% 
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PESTICIDE  CONCENTRATIONS 
IN  WATER  SAMPLES 

(concantraOons  In  ug/L) 
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BUTYLTiN  RESULTS  FOR  RICHMOND  WATERS 

WES  -  RICHMOND  {CF  #257) 

Sponsor:  C.  Price/  R.  Brwinon 
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CLORINATEO  PESTICIDE  RESULTS  FOR  RICHMOND  WATERS 

WES  ■  RICHMOND  (CF  #257) 

Sponsor:  C.  Prioa/  R.  Brannon 
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Sponsor:  C.  Prico/  R.  Brannon 
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METALS  RESULTS  FOR  RICHMOND  WATERS 
WES- RICHMOND (CF«57j 

Sponsor:  C.  Price/  R.  Brannon  (Concemraltons  In  ua/L,  ppb> 
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METALS  RESULTS  FOR  RICHMOND  WATERS 

WES  -  RICHMOND  (CF  #257) 
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WES  -  BALDWIN 

COLUMN  LEACHING  (CF  #357) 

PESTICl.y.=  CONCENTRATIONS  IN  WATER 

(Concentrations  in  uq/L) 

ADDENDUM 

4/29/92 

MSLCkxJe 

357-27 

Blank 

Sponsor  ID 

RO-9-10 

Blank 

Aldrin 

0.06  U 

0.06  U 

A-BHC 

0.06  U 

0.06  U 

B-BHC 

0.06  U 

0.06  U 

D-BHC 

0.06  U 

0.06  U 

Chlordane  (Gamma) 

0.06  U 

0.06  U 

Chlordane  (Alpha) 

0.06  U 

0.06  U 

4,4'-DDD 

0.95 

0.06  U 

4,4’-DDE 

0.09  P 

0.06  U 

4.4*-DDT 

0.06  U 

0.06  U 

Dieldrin 

0.15 

0.06  U 

Endosulfan  1 

0.06  U 

0.06  U 

Endosulfan  II 

0.06  U 

0.06  U 

Endosulfan  Suifaie 

0.06  U 

0.06  U 

Endrin 

0.06  U 

0.06  U 

Endrin  Aldehyde 

0.06  U 

0.06  U 

Heptachlor 

0.06  U 

0.06  U 

Heptachlor  Epoxide 

0.06  U 

0.06  U 

Lindane  (G-BHC) 

0.06  U 

0.06  U 

Toxaphene 

0.60  U 

0.60  U 

Methoxychlor 

0.12  U 

0.12  U 

Endrin  Ketone 

0.06  U 

0.06  U 

DBG  Surrogate  Recovery  (%) 

97% 

68% 

U  -  Indicates  compound  was  analyzed  for  but  not  detected. 

P  -  This  flag  is  used  for  a  pesticide/Aroclor  target  analyte  when 
there  is  greater  than  25%  difference  for  detected  concentrations  between 
the  two  GC  columns.  The  lower  of  the  two  values  is  reported. 


WES  -  BALDWIN 

COLUMN  LEACHING  (CF  #357) 

PAH  CONCENTRATIONS  IN  WATER 


ADDENDUM 

4/29/92 


(Concentrations  in  ug/L) 


MSLCode 

Sponsor  ID 

Sample  Volume  (L) 

357-28 

RO-14-9 

1.3 

357-29 

RO-14-10 

1.2 

Blank 

Blank 

1.0 

naphthalene 

30 

35 

20  U 

acenaphthylene 

15  U 

20 

20  U 

acenaphthene 

15  U 

17  U 

20  U 

fluorene 

15  U 

17  U 

20  U 

phenanthrene 

32 

41 

20  U 

anthracene  ' 

33 

39 

20  U 

fluoranthene 

44 

86 

20  U 

pyrene 

310 

267 

20  U 

benz[a]anthracene 

21 

49 

20  U 

chrysene 

19 

55 

20  U 

benzofluoranthene  * 

407 

481 

40  U 

benzo[a]pyrene 

188 

185 

20  U 

lndeno[1 ,2,3*c,d]pyrene 

74 

99 

20  U 

dibenz(a,h]anthrancene 

24 

27 

20  U 

benzo[g,h,i]perylene 

109 

140 

20  U 

%  Surrogate  Recoveries 

fluorene-dlO 

87% 

84% 

84% 

anthracene-diO 

92% 

81% 

85% 

pyrene-dIO 

101% 

96% 

94% 

U  -  Undetected  at  given  method  detection  limit 
*  >  Ail  benzofluoranthene  isomers  (b,  j  &  k)  are  quantified  together 


3S7TBT.DATA 


WES-RICHNO^  11/20/91 

COLUMN  LEACHING  (CF#357) 

TBT  CONCENTRATIONS 
IN  WATER  SAMPLES 
(concenlrations  in  uq/L) 


MSLCode 

Sponsor  Code 

Tripentyl 
%  Surroqate 

Tatra 

Tin 

Tributyl 

Tin 

Dibutyl 

Tin 

Monobutyl 

Tin 

J 

357-5 

RO-15-1 

78.8 

1.5 

U 

1.7 

U 

7.1 

1.4 

U 

357-6 

RO-15-2 

93.3 

1.4 

U 

1.6 

U 

11.7 

2 

357-7 

RO-15-3 

95.5 

1.2 

U 

1.3 

U 

9.4 

1.6 

357-8 

RO-15-4 

86.2 

1.5 

U 

1.7 

U 

9.0 

2.7 

357-9 

RO-15-5 

41.8 

1.4 

U 

1.6 

U 

1.7 

1.3 

U 

357-23 

RO-15-6 

62.3 

1.0 

1.6 

4.1 

1.2 

357-24 

RO-15-7 

56.4 

1.4 

1.6 

6.0 

1.2 

357-25 

RO-15-8 

26.7 

1.0 

4.5 

8.3 

2.3 

357-26 

RO-15-9 

65.4 

1.0 

11.3 

24.5 

8.1 

357-30 

RO-1S-10 

14.8 

8.9 

U 

21.6 

U 

6.5 

J 

12.2 

u 

BLANK  AND  MATRIX  SPIKE  RECOVERIES 

BLANK-1 

86.6 

1.6 

U 

1.9 

U 

1.7 

U 

1.5 

u 

BLANK-2 

45.3 

0.5 

U 

0.5 

U 

0.9 

U 

0.5 

u 

357BLANK-1  SPIKE 

68.1 

37.7 

57.3 

63.3 

15.2 

%  Recovery 

38% 

57% 

63% 

NS 

357BLANK.2  SPIKE 

47.0 

11.4 

25.3 

45.8 

5.6 

%  Recovery 

11% 

25% 

46% 

NS 

NS  »  Indicates  not  spiked. 

U  indicates  analyte  not  detected  above  detection  limits. 
‘  J  -  indicates  value  detected  below  the  detection  limits. 


Pago  1 


WES-BALOWIN  11 /20/BI 

COLUMN  LEACHINQ  (CF  i357) 

PAH  CONCENTRATIONS  IN  WATER 
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WES  RICHMOND  (CF  #322} 
WATER  METAL  RESULTS 
fconcantrations  in  uqA.  (ppb)) 


Amount  Spikod  NA  NA  NA  NA  NA  NA  1 

322-33>spika  lOOx  NA  NA  NA  NA  NA  NA  0.81 

322-33  RM-9-B  NA  NA  NA  NA  NA  NA  0.07 

Amount  Rscovered  NA  NA  NA  NA  NA  NA  0.74 
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concentrations  at  the  maxlmua  concentration  allowed  in  soils  for  agricultural 
production.  Sediment  butyltin  concentrations  were  low,  at  15  ppb,  but  were 
higher  than  those  found  at  an  upland  reference  disposal  site  at  Twitchell 
Island.  Santa  Fe  Channel  sediment  contained  some  polycyclic  aromatic  hydro¬ 
carbons  (PAHs)  at  concentrations  higher  than  Twitchell  Island  and  were  gener¬ 
ally  elevated  in  PAHs  compared  to  other  reference  sediments.  Santa  Fe 
sediment  contained  185  ppb  DDT,  and  202  ppb  DDD,  which  has  given  rise  to 
concern. 

Effluent  and  surface  runoff  test  results  indicated  no  toxicity  to  sensi¬ 
tive  aquatic  organisms.  Copper  concentrations  in  effluent  and  arsenic  in 
surface  runoff  were  the  only  parameters  exceeding  assumed  criteria  or  stan¬ 
dards.  A  mixing  zone  of  2  to  1  for  copper  and  3  to  1  for  arsenic  will  elimi¬ 
nate  any  potential  water  quality  Impacts. 

Leachate  test  results  Indicated  a  potential  for  arsenic  and  chromium  to 
leachate  eventually  in  concentrations  that  may  exceed  the  assximed  drinking 
water  quality  criteria.  The  time  required  to  reach  maximum  leachate  contami¬ 
nant  concentrations  may  be  on  the  order  of  hundreds  of  years,  depending  on 
climatic  conditions  and  disposal  site-specific  engineering  controls.  Leachate 
generation  rates  can  be  reduced  by  reducing  the  surface  area  of  the  disposal 
site  and  by  constructing  a  composite  liner. 

In  summary,  Santa  Fe  Channel  sediments  will  require  management  of  sus¬ 
pended  solids  in  effluent  and  surface  runoff  and  a  mixing  zone  of  less  than  10 
to  1  to  meet  the  strictest  assumed  water  quality  criteria  or  standard. 
Depending  on  the  location,  the  confined  disposal  site  should  have  a  reduced 
surface  area  and  a  composite  liner  to  control  leachate  migration,  especially 
if  leachate  can  migrate  to  surface  receiving  waters. 


